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This document provides guidance to the owner or operator of processes covered by the Chemical Accident
Prevention Program rule in the analysis of offsite consequences of accidental reledsstmioas gulated

under sectiod12(r) of the Clean Air Act. This document does ndissitute for EPA's igulations, nor is it

a regulation itself. Thus, it cannot impose legally binding requents on EPA, States, or thgukated
community, and may not apply to a particular situation based upon the circumstances. This guidance does
not constitute final agency action, and EPA may change it in the future, as appropriate.
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TABLE OF POTENTIALLY REGULATED ENTITIES

This table is not intended to be exhaustive, but rather provides a guide for
readers regarding entities likely to be regulated under 40 CFR part 68. This
table lists the types of entities that EPA is now aware could potentially be
regulated by this rule (see Appendix B of the “General Guidance for Risk
Management Programs” for a more detailed list of potentially affected NAICS
codes). Other types of entities not listed in this table could also be affected. To
determine whether your facility is covered by the risk management program rules
in part 68, you should carefully examine the applicability criteria discussed in
Chapter 1 of the General Guidance and in 40 CFR 68.10. If you have questions
regarding the applicability of this rule to a particular entity, call the

EPCRA/CAA Hotline at (800) 424-9346 (TDD: (800) 553-7672).

Category NAICS | SIC Examples of Potentially Regulated
Codes Codes Entities

Chemical 325 28 Petrochemicals

manufacturers Industrial gas

Alkalies and chlorine

Industrial inorganics

Industrial organics

Plastics and resins

Agricultural chemicals

Soap, cleaning compounds
Explosives

Miscellaneous chemical manufacturing

Petroleum refineries 32411 2911 Petroleum refineries
Pulp and paper 322 26 Paper mills
Pulp mills

Paper products

Food processors 311 20 Dairy products
Fruits and vegetables
Meat products
Seafood products

Polyurethane foam 32615 3086 Plastic foawdpicts
Non-metallic mineral | 327 32 Glass and glass products
products Other non-metallic mineral products
Metal products 331 33 Primary metal manufacturing

332 34 Fabricated metal products
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Category NAICS | SIC Examples of Potentially Regulated
Codes Codes Entities
Machinery 333 35 Industrial machinery
manufacturing Farm mamery
Other machinery
Computer and 334 36 Electronic equipment
electronic equipment Semiconductors
Electric equipment 335 36 Lighting
Appliance manufacturing
Battery manufacturing
Transportation 336 37 Motor vehicles and parts
equipment Aircraft
Food distributors 4224 514 Frozen and refrigeratembfls
4228 518 Beer and wines
Chemical distributors| 42269 5169 Chemic#lolesalers
Farm supplies 42291 5191 Agricultural retailers andhelesalers
Propane dealers 454312 5171 Propane retailers laoiesalers
5984
Warehouses 4931 422 Refrigerated wdreuses
Warehouse storing chemicals
Water treatment 22131 4941 iBking water treatment systems
Wastewater treatmenf 22132 4952 Sewerage systems
56221 4933 Wastewater treatment
Waste treatment
Electric utilities 22111 4911 Electric power generation

Propane users

Manufacturing facilities
Large institutions
Commercial faitities

Federal facilities

Military installations
Department of Energy installations
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Roadmap to Offsite Consequence Analysis Guidance by Type of Chemical

Type of Chemical and Release Scenario

Applicable Sections and Appendices

Toxic Gas

Worst-Case Scenario

1) Define Worst Case
2) Select Scenario
3) Calculate Release Rates
Unmitigated
Passive Mitigation
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4) Find Toxic Endpoint
5) Determine Reference Table and Distance
Dense or Neutrally Buoyant Plume

Section 2.1
Sections 2.2 and 2.3

Section 3.1.1
Section 3.1.2
Section 3.1.3
Appendix B (Exhibit B-1)
Section 3.1.3, 3.2.3
Chapter 4 and Appendix B (Exhibit B-1)

Chemical-Specific Tables (ammonia, chlorine, sulfur dioxide) Chapter 4
Urban or Rural Section 2.1 and Chapter 4
Release Duration Section 2.1
Alternative Scenario

1) Define Alternative Scenario Chapter 6

2) Select Scenario Chapter 6

3) Calculate Release Rates
Unmitigated (from tanks and pipes) Section 7.1.1
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5) Determine Reference Table and Distance
Dense or Neutrally Buoyant Plume
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Release Duration

Appendix B (Exhibit B-1)

Chapter 8 and Appendix B (Exhibit B-1)
Chapter 8
Section 2.1 and Chapter 8
Section 7.1
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Roadmap to Offsite Consequence Analysis Guidance by Type of Chemical (continued)
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Section 2.1
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Appendix B (Exhibit B-2)
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1 INTRODUCTION
1.1 Purpose of this Guidance

This document provides guidance on how to conduct the offsite consequence analyses for Risk
Management Programs requinaatder the Clean Air Act (CAA). Sectidri2(r)(7) of the CAA directed the
U. S. Environmental Protection Agency (EPA) to issue regulations requiring facilities with large quantities of
very hazadous chemicals to prepare and iempent programs to prevent the accidental release of those
chemicals and to mitigate the consequences of any releases that do occur. EPA issued that rule,“Chemical
Accident Prevention Provisions” on June 2096. The rule isadified at part 68 of Title 40 of the Code of
Federal RegulationCFR). If you hadle, manufacture, use, or store any of the toxic or flammable
substances listed in 40FR 68130 above the specified thhedd quantities in a process, you are required to
develop and implement a risk management prognaaer part 68 of 4CFR. The rule applies to a wide
variety of facilities that handle, manufacture, store, or use tokitances, ifading chlorine and ammonia,
and highly flammable distances, such as propane. If you are not sure whether you are subject to the rule,
you should review the rule and Chapters 1 and 2 of EBaiseral Guidance for Risk Management
Programs (40 CFR part 68available from EPA at httpuivw.epagov/ceppo/.

If you are subject to the rule, you are required to conduct an offsite consequence analysis to provide
information to the state, local, and federal governments and the public about the potential consequences of an
accidental chemical release. The offsite consequence analysis consists efterds|

L g A worst-case release scenario, and
L g Alternative release scenarios.

To simplify the analysis and ensure compéitgpEPA has defined the worst-case scenario as the
release of the largest quantity of a regulatdzstance from ailsgle vessel or process line failure that results
in the greatest distance to an endpoint. In broad terms, the distance to the endpoint is the distance a toxic
vapor cloud, heat from a fire, or blast waves from an explosion will travel before dissipating to the point that
serious injuries from short-term exposures will no longer occur. Endpoints for regulaséanses are
specified in 40 CFR 68.22(a) and Applex A of part 68 and are presented in Appendices B and C of this
guidance.

Alternative release scenarios are scenarios that are more likely to occur than the worst-case scenario
and that will reach an endpoint offsite, unless no such scenasts.eXvihin these two arameters, you
have flexibility to choose alternative release scenarios that are appropriate for your site. The rule, in 40 CFR
68.28 (b)(2), and th&eneral Guidance for Risk Management Programs (40 CFR partCitapter 4,
provide examples of alternative release scenarios that you should consider when conducting the offsite
consequence analysis.
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Chapter 1
Introduction

RMP*Comp ™

To assist those using this guidance, the National Oceanic and Atmospheric Administration (NO/AR) and
EPA have developed a software program, RMP*Comp™, that performs the @atsutiscribed in

this document. This software can be downloaded from the EPA/CEPPO Internet website at
http:/Mmww.epagov/ceppo/ds-epds.htm#comp.

This guidance document provides a simple methodology for conducting offsite consequence analyses.
You may use simple equations to estimate release rates and reference tables to determine distances to the
endpoint of concernThis guidance provides generic reference tables of distances, applicable to most of the
regulated toxic dustances, and chemical-specific tables for amien chlorine, and sulfur dioxide. This
guidance also provides reference tables of distances for consequences of fires and explosions of flammable
substances. In some cases, the Higeva users of this document to adopt generic assumptions rather than the
site-specific data required if another model is employed (see Exhibit 1).

The methodology andeferencetables of distaces presented here apgtional. You are not
required to use this guidanceYou may use publicly available or proprietary air dispersion models to do
your offsite consequence analysis, subject to certain conditions. If you choose to use models instead of this
guidance, you should review the rule and Chapter 4 dbé#meral Guidance for Risk Management
Programs which outline required conditions for use of models. In selected example analyses, this document
presents the results of some models to provide a basis for comparison. It also indicates certain conditions of a
release that may warrant more sophisticated fimgdhan is represented here. However, this guidance does
not discuss the procedures to follow when using models; if you choose to use models, you should consult the
appropriate references or instructions for those models.

This guidance provides distances to endpoints for toxistances that range from 0.1 miles to 25
miles. Other models may not project distances this far (and some may projdongeemnlistances). One
commonly used model, ALOHA, has an artificial distance cutoff of 6 miles (i.e., any scenario which would
result in an endpoint distance beyond 6 miles is reported as “greater than 6 miles”). Although you may use
ALOHA if it is appropriate for the substance and scenario, fiould consider choosing a different model if
the scenario would normally result in an endpoint distance significantly greater than 6 miles. Otherwise, you
should be prepared to explain the difference between your results and those in this guidance or other
commonly used models. Also, you should be aware th&Mi@*Submit systemaeptsonly numerical
entries (i.e., it will not ecept a “greater than” distance). If you do enter a distance in RMP*Submit that is the
result of a particular model’'s maximum distance cutoff (including the maximum distance cutoff in this
guidance), you can explain this in the executive summary ofRflR.
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Exhibit 1
Required Parameters for Modeling (40 CFR 68.22)

WORST CASE ALTERNATIVE SCENARIO

Endpoints (§68.22(a))

Endpoints for toxic substances are specified in part 68 Appendix A. Endpoints for toxic substances are specified in padis&Appe

For flammable substances, endpoint is overpressure of 1 pound per square  For flammable substances, endpoint is:

inch (psi) for vapor cloud explosions. +Overpressure of 1 psi for vapor cloud explosions, or

+Radiant heat level of 5 kilowatts per square meter (K&W/m ) for 40
seconds for heat from fires (or equivalent dose), or

<+Lower flammability limit (LFL) as specified in NFPA documents or
other generally recognized sources.

Wind speed/stability §68.22(b))

This guidance assumes 1.5 meters per second and F stability. For other This guidance assumes wind speed of 3 metermsdBr secon
models, use wind speed of 1.5 meters per second and F stability clags stability. For other models, you must use typagitaieteoro
unless you can demonstrate that local meteorological data applicableto conditions for your site.

the site show a higher minimum wind speed or less stable atmosphefe at
all times during the previous three years. If you can so demonstrate,|these
minimums may be used for site-specific modeling.

Ambient temperature/humidity (§68.22(c))

This guidance assumes“X5 (77°F) and 50 percent humidity. For other This guidance assuni€s&d 50 percent humidity. For other
models for toxic substances, you must use the highest daily maximu models, you may use average temperature/humidigciat; her
temperature and average humidity for the site during the past three J;ars. site or at a local meteorological station.

Height of release (868.22(d))

For toxic substances, you must assume a ground level release. This guidance assumes a ground-level release. For othasenpdels, re
height may be determined by the release scenario.

Surface roughness (§68.22(e))

Use urban (obstructed terrain) or rural (flat terrain) topography, as Use urban (obstructed terrain) or rural (flat tegraiphyops
appropriate. appropriate.

Dense or neutrally buoyant gases (868.22(f))

Tables or models used for dispersion of regulated toxic substances must Tables or models used for dispersion must @opmpridmaigas
appropriately account for gas density. If you use this guidance, see Tlables  density. If you use this guidance, see T fivlesdually

1-4 for neutrally buoyant gases and Tables 5-8 for dense gases, or Tjables buoyant gases and Tables 18-21 for densdega?22Hfofab
9-12 for specific chemicals. specific chemicals.

Temperature of released substance (§68.22(g))

You must consider liquids (other than gases liquefied by refrigerationl) to Substances may be considered to be releasssl @it arpbient

be released at the highest daily maximum temperature, from data for|the temperature that is appropriate for the scegaidancéhis
previous three years, or at process temperature, whichever is higher. provides factors for estimation of releasé Catedla biling
Assume gases liquefied by refrigeration at atmospheric pressure to bp point of the released substance, and also protudles tempera
released at their boiling points. This guidance provides factors for correction factors.

estimation of release rates at'Z5or the boiling point of the released
substance, and also provides temperature correction factors.
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1.2  This Guidance Compared to Other Models

Results obtained using the methods in this document are expected to be conservative (i.e., they will
generally, but not always, overestimate the distance to endpoints). The chemical-specific reference tables in
this guidance provide less conservative results than the generic reference tables, because the chemical-specific
tables were derived using more realistic assumptions and considering more factors.

Complex models that can account for many site-specific factors may give less conservative estimates
of offsite consequences than the simple methods in this guidance. This is particularly true for alternative
scenarios, for which EPA has not specified many assumptions. However, complex models may be expensive
and require considerable expertise to use; this guidance is designed to be simple and straightforward. You
will need to consider these tradeoffs in deciding hovatoyaut your required consequence analyses.

Appendix A provides information on references for some other methods of analysis; these references do not
include all models that you may use for these analyses. You will find that modeling results will sometimes
vary considerably from model to model.

1.3 Number of Scenarios to Analyze

The number and type of analyses you must perform depend on the “Program” level of each of your
processes. The rule defines three Program levels. Processes are eligible for Program 1 if, among other
criteria, there are no public receptors within the distance to the endpoint for the worst-case scenario. Because
no public receptors would lzdfected by the worst-case release, no further modeling is required for these
processes. For processes subject to Program 2 or Program 3, both worst-case release scenarios and
alternative release scenarios are required. To determine the Program level of your processes, consult 40 CFR
68.10(b), (c), and (d), or Chapter 2 of EP&eneral Guidance for Risk Management Programs (40 CFR
part 68).

Once you have determined the Program level of your processes, you are required to conduct the
following offsite consequence analyses:

. One worst-case release scenario for each Program 1 process;

. One worst-case release scenario to represent all regulated tos@iarsies in Program 2 and
Program 3 processes;

. One worst-case release scenario to represent all regulated flamnietémses in Program
2 and Program 3 processes;

. One alternative release scenario for each regulated tdstasice in Program 2 and
Program 3 processes; and

. One alternative release scenario to represent all regulated flamniaditenees in Program
2 and Program 3 processes.

NOTE: You may need to analyze additional worst-case scenarios if release scenarios for regulated
flammable or toxic substances from other covered processes at yhiyrniacild affect different public

April 15, 1999 1-4



Chapter 1
Introduction

receptors. For example, worst-case release scenarios for storage tanks at opposite ends of your facility may
potentially reach different areas where people coulaffieeted. In that case, you will have to conduct
analyses of and report on both releases.

GUIDANCE FOR INDUSTRY-SPECIFIC RISK MANAGEMENT PROGRAMS

EPA developed guidance for industry-specific risk manzant programs for thelfowing industries:

+ Propane storage facilities + Warehouses
+ Chemical distributors + Ammonia refrigeration
+ Waste water treatment plants 4 Small propane retailers & users

The industry-specific guidances are available from EPAtpt/lwww.epagov/ceppo/.

Industry-specific guidances developed by EPA take the place of this guidance documenGamediak
Guidance for Risk Management Prografosthe industries addressed. If an industry-specific progigm
exists for your process(es), ydwosild use it as your basic guidance because it will provide more
information that is specific to your process, including dispersion modeling.

1.4  Modeling Issues

The consequences of an accidental chemical release depend on the conditions of the release and the
conditions at the site at the time of the release. This guidance provides reference tables of distances, based on
results of modeling, for estimation of worst-case and alternative scenario consequence distances. Worst-case
consequence distances obtained using these tables are not intended to be precise predictions of the exact
distances that might be reached in the event of an actual accidental release. For this guidance, worst-case
distances are based on modeling results assuming the combination of worst-case conditions required by the
rule. This combination of conditions occuesely and igunlikely to persist for very long. To derive the
alternative scenario distances, less conservative assumptions were used for modeling; these assumptions were
chosen to represent more likely conditions than the worst-case assumptions. Nevertheless, in an actual
accidental release, the conditions may be very different. Users of this guidance eximeuhther that the
results derived from the methods presented here are rough estimates of potential consequence distances.
Other models may give different reslthe same model also mgiye different results if different
assumptions about release conditions and/or site conditions are used.

The reference tables of distances in this guidance provide results to a maximum distance of 25 miles.
EPA recognizes that modeling results at such large distances are highly uncertain. Almost no experimental
data or data from accidents are available at such large distances to compare to modeling results. Most data
are reported for distances well under 10 miles. Modeling uncertainties are likely to increase as distances
increase because conditions (e.g., atmospheric stability, wind spdade saughness) are not likely to
remain constant over large distances. Thus, at large distances (e.g., greater than about 6 to 10 miles), the
modeling results should be viewed as very coarse estimates of consequence distances. EPA believes,
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however, that the results, even at large distances, can provide useful information for comparison purposes.
For example, Local Emergency Planning Committees (LEPCs) and other local agencies can use relative
differences in distance to aid in establishing chemical accident prevention and preparedness priorities among
facilities in a community. Since worst-case scenario distances are based on modeling conditions that are
unlikely to occur, and since modeling of any scenario that results in large distances is very uncertain, EPA
strongly urges communities and industry not to rely on the results of worst-case modeling or any modeling
that results in very large toxic endpoint distancesniergency planing and response activities. Results of
alternative scenario models are apt to provide a more reasonable basis for planning and response.

1.5  Steps for Performing the Analysis

This Chapter presents the steps you should follow in using this guidareeytowdt an offsite
consequence analysis. Before caugyout one or more worst-case and/or alternative release analyses, you
will need to obtain severalgaes of informadn about the regulatedisstances you have, the area
surrounding your site, and typical meteorological conditions:

. Determine whether each regulatetdstance is toxic or flammable, imslicated in the rule or
Appendices B and C of this guidance.

. For the worst-case analysis, determine the quantity of each substance held in the largest
single vessel or pipe.

. Collect information about any passive or active (alternative scenarios only) release
mitigation measures that are in place for eatistsunce.

. For toxic substances, determine whether the substance is stored as a gasidass iqgas
liquefied by refrigeration, or as a gas liquefied under pressure. For alternative scenarios
involving a vapor cloud fire, you may also need this information for flammabktances.

. For toxic liquids, determine the highest daily maximum temperature of the liquid, based on
data for the previous three years, or process temperature, whichever is higher.

. For toxic substances, determine whether the substance behaves as a dense or neutrally
buoyant gas or vapor (see Appendix B, Exhibits B-1 and B-2). For alternative scenarios
involving a vapor cloud fire, you will also need this information for flammalstsunces
(see Appendix C, Exhibits C-2 and C-3).

. For toxic substances, determine whether the topograptigg¢suoughness) of your site is
either urban or rural as thse terms are defined by the rule (see 40 CFR 68.22(e)). For
alternative scenarios involving a vapor cloud fire, you will also need this information for
flammable substances.

After you have gathered the above information, you will need to take three steps (except for
flammable worst-case releases):

(2) Select a scenario;
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(2) Determine the release or volatilization rate; and
3) Determine the distance to the endpoint.

For flammable worst-case scenarios, only steps one and three are needed. Sections 1.5.1 through 1.5.6
outline the procedures to perform the analyses. In addition to basic procedures, these sections provide
references to sections of this guidance where you will find detailed instructioasyingcout the applicable

portion of the analysis. Sections 1.5.1 through 1.5.3 below provide basic steps to analyze worst-case
scenarios for toxic gases, toxic liquids, and flammalistsunces. Sdons 1.5.4 through 1.5.6 provide

basic steps for alternative scenario analysis. Appendix E of this document provides worksheets that may help
you to perform the analyses.

1.5.1 Worst-Case Analysis for Toxic Gases

To conduct worst-case analyses for toxic gases, including toxic gases liquefied by pressurization (see
Appendix E, Worksheet 1, for a worksheet that can be usedrying out this analysis):

Step 1 Determine worst-case scenarildentify the toxic gas, quantity, and worst-case release scenario, as
defined by the rule (Chapter 2).

Step 2 Determine release raté&stimate the release rate for the toxic gas, usingatfzeneters required by
the rule. This guidance provides methods for estimating the release rate for:

. Unmitigated releases (Section 3.1.1).

. Releases with passive mitigation (Section 3.1.2).

Step 3 Determine distance to endpoiriEstimate the worst-case consequence distance based on the release
rate and toxic endpoint (defined by the rule) (Chapter 4). This guidance provides reference tables of
distances (Reference Tables 1-12). Select the appropriate reference table based on the density of the
released substance, the topography of your site, and thedwfthe release (always 10 minutes
for gas releases). Estimate distance to the endpoint from the appropriate table.

1.5.2 Worst-Case Analysis for Toxic Liquids

To conduct worst-case analyses for toxiostances that are ligds at ambient conditions or for
toxic gases that are liquefied by refrigeration alone (see Appendix E, Worksheet 2, for a worksheet for this
analysis):

Step 1 Determine worst-case scenarilentify the toxic liquid, quantity, and worst-case release scenario, as
defined by the rule (Chapter 2). To estimate the quantity of liquid released from piping, see Section
3.2.1.

Step 2 Determine release raté&stimate the volatilization rate for the toxic liquid and the duration of the
release, using theapameters required by the rule. This guidance provides methods for estimating the
pool evaporation rate for:

April 15, 1999 1-7



Chapter 1

Introduction
. Gases liquefied by refrigeration alone (Sections 3.1.3 and 3.2.3).
. Unmitigated releases (Section 3.2.2).
. Releases with passive mitigation (Section 3.2.3).
. Releases at ambient or elevated temperature (Sections 3.2.2, 3.2.3, and 3.2.5).
. Releases of mixtures of toxic liquids (Section 3.2.4).
. Releases of common water solutions of regulatbdtances and of oleum (Sect 3.3).

Step 3 Determine distance to endpoirEstimate the worst-case consequence distance based on the release
rate and toxic endpoint (defined by the rule) (Chapter 4). This guidance provides reference tables of
distances (Reference Tables 1-12). Select the appropriate reference table based on the density of the
released substance, the topography of your site, and theodwfthe release. Estimate distance to
the endpoint from the appropriate table.

1.5.3 Worst-Case Analysis for Flammable Substances

To conduct worst-case analyses for all regulated flammabtances (i.e., gases andildg) (see
Appendix E, Worksheet 3, for a worksheet for this analysis):

Step 1 Determine worst-case scenarildentify the appropriate flammable substance, quantity, and worst-
case scenario, as defined by the rule (Chapter 2).

Step 2 Determine distance to endpoirEstimate the distance to the required overpressure endpoint of 1 psi
for a vapor cloud explosion of the flammabléstiance, uag the assumptions required by the rule
(Chapter 5). This guidance provides a reference table of distances (Reference Table 13) for worst-
case vapor cloud explosions. Estimate the distance to the endpoint from the quantity released and the
table.

1.5.4 Alternative Scenario Analysis for Toxic Gases

To conduct alternative release scenario analyses for toxic gases, including toxic gases liquefied by
pressurization (see Appendix E, Worksheet 4, for a worksheet for this analysis):

Step 1 Select alternative scenari€hoose an appropriate alternative release scenario for the toxic gas. This
scenario should have the potential for offsite impacts unless no such scersasio(€kiapter 6).

Step 2 Determine release raté&stimate the release rate and duration of the release of the toxic gas, based
on your scenario and site-specific conditions. This guidance provides methods for:

. Unmitigated releases (Section 7.1.1).
. Releases with active or passive mitigation (Section 7.1.2).
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Step 3 Determine distance to endpoirEstimate the alternative scenario distance based on the release rate
and toxic endpoint (Chapter 8). This guidance provides reference tables of distances (Reference
Tables 14-25) for alternative scenarios for toxic substances. Select the appropriate reference table
based on the density of the released substance, the topography of your site, anddhetitirat
release. Estimate distance to the endpoint from the appropriate table.

1.5.5 Alternative Scenario Analysis for Toxic Liquids

To conduct alternative release scenario analyses for tdxstamces that are ligds at ambient
conditions or for toxic gases that are liquefied by refrigeration alone (see Appendix E, Worksheet 5, for a
worksheet for this analysis):

Step 1 Select alternative scenari€hoose an appropriate alternative release scenario and release quantity
for the toxic liquid. This scenario should have the potential for offsite impacts (Chapter 6), unless no
such scenario exists.

Step 2 Determine release raté&stimate the release rate and duration of the release of the toxic liquid, based
on your scenario and site-specific conditions. This guidance provides methods to estimate the liquid
release rate and quantity of liquid released for:

. Unmitigated liquid releases (Section 7.2.1).
. Mitigated liquid releases (Section 7.2.2).

The released liquid is assumed to form a pool. This guidance provides methods to estimate the pool
evaporation rate and release duration for:

. Unmitigated releases (Section 7.2.3).

. Releases with passive or active mitigation (Section 7.2.3).

. Releases at ambient or elevated temperature (Sections 7.2.3).

. Releases of common water solutions of regulatbdtances and of oleum (Sect7.2.4).

Step 3 Determine distance to endpoirEstimate the alternative scenario distance based on the release rate
and toxic endpoint (Chapter 8). This guidance provides reference tables of distances (Reference
Tables 14-25) for alternative scenarios for toxic substances. Select the appropriate reference table
based on the density of the released substance, the topography of your site, anddhetitirat
release. Estimate distance to the endpoint from the appropriate table.

1.5.6 Alternative Scenario Analysis for Flammable Substances

To conduct alternative release scenario analyses for all regulated flamnirbéases (i.e., gases
and liquids) (see Appendix E, Worksheet 6, for a worksheet for this analysis):

April 15, 1999 1-9



Chapter 1
Introduction

Step 1 Select alternative scenari¢dentify the flammable substance, ahdase the quantity and type of
event for the alternative scenario consequence analysis (Chapter 6).

Step 2 Determine release raté&stimate the release rate to air of the flammable gas or liquid, if the scenario
involves a vapor cloud fire (Section 9.1 for flammable gases, Section 9.2 for flammable liquids).

Step 3 Determine distance to endpoirfstimate the distance to the appropriate endpoint (defined by the
rule). This guidance provides methods for:

. Vapor cloud fires (Section 10.1 and Reference Tables 26-29); select the appropriate
reference table based on the density of the released substance and the topography of your
site, and estimate distance to the endpoint from the appropriate table.

. Pool fires (Section 10.2); estimate distance from the equation and chemical-specific factors
provided.
. BLEVESs (Section 10.3 and Reference Table 30); estimate distance from the quantity of

flammable substance and the table.

. Vapor cloud explosions (Section 10.4 and Reference Table 13); estimate quantity in the
cloud from the equation and chemical-specific factors provided, and estimate distance from
the quantity, the table, and a factor provided for alternative scenarios.

1.6 Additional Sources of Information

EPA'’s risk management program requirements mapbed at 40CFR part 68. The relevant
sections were published in tRederal Registeon January 31, 1994 (59 FR 4478) and June 20, 1996 (61
FR 31667). Final rules ameing the list of shistances and threslds were published on August 28997
(62 FR 45130) and January 6, 1998 (63 FR 640). Adtioiased copy of these regulations is available in
Appendix F.

EPA is working with industry and local, state, and federal government agencies to assist sources in
complying with these req@ments. For more informah, refer to th&seneral Guidance for Risk
Management Program&ppendix E (Technical Assistance). Appendices C and D ds#meral Guidance
also provide points of contact for EPA and Occupati&adéty and Health Admistration (OSHA) at the
state and federal levels for your questions. Your LEPC also can be a valuable resource.

Finally, if you have access to the Internet, EPA has made copies of the rules, fact sheets, and other
related materials available at the home page of EPA's Chemical Emergency Preparedness and Prevention
Office (http:/inww.epagov/ceppo/). Please check the site regularly, as additional materials are posted when
they become available. If you do not have access to the Internet, you can call EPA’s h&00¢ 424-

9346.
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2 DETERMINING WORST-CASE SCENARIOS

In Chapter 2
. 2.1 EPA'’s definition of a worst-case scenario.
. 2.2 How to determine the quantity released.
. 2.3 How to identify the appropriate worst-case scenario.

2.1 Definition of Worst-Case Scenario

A worst-case release is defined as:

. The release of the largest quantity of a regulatbdtance from a vessel or proctse
failure, and
. The release that results in the greatest distance to the endpoint for the regulated toxic or

flammable substance.

You may take administrative controls into account when determining the largest quantity.
Administrative controls are written procedures that limit the quantity of a substance that can be stored or
processed in a vessel or pipe at any one time or, alternatively, procedures that allow the vessel or pipe to
occasionally store larger than usual quantities (e.g., during shutdown or turnaround). Endpoints for regulated
substances are specified in the rule GHR 68.22(a), and Appdix A to part 68 for toxic dustances). For
the worst-case analysis, you do not need to consider the possible causes of the worst-case release or the
probability that such a release might occur; the release is simply assumed to take place. You must assume all
releases take place at ground level for the worst-case analysis.

This guidance assumes meteorological conditions for the worst-case scenario of atmospheric stability
class F (stable atmosphere) and wind speed 1.5 meters per second (3.4 miles per hour). Ambient air
temperature for this guidance is25 C ¢77 F). If you use this guidance, you may assume this ambient
temperature for the worst case, even if the maximum temperature at your site in the last three years is higher.

The rule provides two choices for topography, urban and rural. EPBRR68.22(e)) has defined
urban as many obstacles in therediate area, where obstacledude buildings or trees. Rural, by EPA’s
definition, means there are no buildings in thenediate area, and the terrain is generally flat and
unobstructed. Thus, if your site is located in an area with f@difigs or other bstructons (e.g., hills,
trees), you should assume open (rural) conditions. If your site is in an area withbosiogions, even if it
is in a remote location that would not usually be considered urban, you should assume urban conditions.

Toxic Gases

Toxic gases include all regulated toxibstances that are gases at ambient temperatute (25 C, 77
°F), with the exception of gases liquefied by refrigeration under atmospheric pressure and released into diked
areas. For the worst-case consequence analysis, you must assume that a gaseous release of the total quantity
occurs in 10 minutes. You may take passive mitigation measures (e.g., enclosure) into account in the analysis
of the worst-case scenario.
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Gases liquefied by refrigeration alone and released into diked areas may be modeled as liquids at
their boiling points and assumed to be released from a pool by evaporatidRR488.25(c)(2)). Gases
liquefied by refrigeration alone that would form a pool one centimeter or less in depth upon release must be
modeled as gases. (Modeling indicates that pools one centimeter or less deep formed by gases liquefied by
refrigeration would completely evaporate in 10 minutes or less, giving a release rate that is equal to or greater
than the worst-case release rate for a gaseous release. In this case, therefore, it is appropriate to treat these
substances as gases for the worst-case analysis.)

Endpoints for consequence analysis for regulated tokistances are specified in the rule (40 CFR
part 68, Appendix A). Exhibit B-1 of Appendix Bis the endpint for each toxic gas. These endpoints are
used for air dispersion modeling to estimate the consequence distance.

Toxic Liquids

For toxic liquids, you must assume that the total quantity in a vessel is spilled. This guidance
assumes the spill takes place onto a flat, non-absorhifageu For toxic liquidsarried in pipénes, the
guantity that might be released from the pipeline is assumed to form a pool. You may take passive mitigation
systems (e.g., dikes) into account in consequence analysis. The total quantity spilled is assumed to spread
instantaneously to a depth of one centimeter (0.033 foot or 0.39 inchiiilideed area or to cover a diked
area instantaneously. The temperature of the released liquid must be the highest daily maximum temperature
occurring in the past three years or the temperature of lis¢asice in the vessel, whichevehigher (40
CFR 68.25(d)(2)). The release rate to air is estimated as the rate of avagdavat the pool. If liquids at
your site might be spilled onto arface that could rapidly absorb the spilled liquid (e.g., porous soil), the
methods presented in this guidance may greatly overestimate the consequences of a release. Consider using
another method in such a case.

Exhibit B-2 of Appendix B presents the endpoint for air dispersion modeling for each regulated toxic
liquid (the endpoints are specified in @6R part 68, Appadix A).

Flammable Substaces

For all regulated flammable Bstances, you must assume that the worst-case release results in a
vapor cloud containing the total quantity of thestance thatauld be released from a vessel or pipeline.
For the worst-case consequence analysis, you must assume the vapor cloud detonates. If you use a TNT-
equivalent method for your analysis, you must assume a 10 percent yield factor.

The rule specifies the endpoint for the consequence analysis of a vapor cloud explosion of a regulated
flammable substance as an overpressure olhgper square inch (psi). This endpoint was chosen as the
threshold for potential serious injuries to people as a result of property damage caused by an explosion (e.g.,
injuries from flying glass from shattered windows or falling debris from damaged houses). (See Appendix D,
Section D.5 for additional information on this endpoint.)
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Effect of Required Assumptions

The assumptions required for the worst-case analysis are intended to provide conservative worst-case
consequence distances, rather than accurate predictions of the potential consequences of a release; that is, in
most cases your results will overestimate the effects of a release. In certain cases, actual conditions could be
even more severe than these worst-case assumptions (e.g., very high process temperature, high process
pressure, or unusual weather conditions, such as temperature inversions); in such cases, your results might
underestimate the effects. However, the required assumptions generally are expected to give conservative
results.

2.2  Determination of Quantity for the Worst-Case Scenario

EPA has defined a worst-case release as the release of the largest quantity of a relgsitates: su
from a vessel or process line failure that results in the greatest distance to a specified endpoint. For
substances in vessels, you must assume release of the largest @na single vessel. For®iances in
pipes, you must assume release of the largest amount in a pipe. The largest quantity should be determined
taking into account administrative controls rather than absolute capacity of the vessel or pipe. Administrative
controls are written procedures that limit the quantity of a substance that can be stored or processed in a
vessel or pipe at any one time, or, alternatively, occasionally allow a vessel or pipe to store larger than usual
guantities (e.g., during turnaround).

2.3  Selecting Worst-Case Scenarios

Under part 68, a worst-case release scenario analysis must be completed for all covered processes,
regardless of program level. The number of worst-case scenarios you must analyze depends on several
factors. You need to consider only trezhrd (toxicity or flammaility) for which a substance is igulated
(i.e., even if a regulated toxiclsstance is also flammable, yonly need to consider toxicity in your analysis;
even if a regulated flammablelmiance is also toxic, yanly need to consider flammability).

For every Program 1 process, you must report the worst-case scenario with the greatest distance to an
endpoint. If a Program 1 process has more than one regulastdrste held above its thhedd, you must
determine which substanceopluces the greatest distance to its endpoint and report onlistdrsze. If a
Program 1 process has both regulated toxics and flammables above their thresholds, you still report only the
one scenario that produces the greatest distance to the endpoint. The process is eligible for Program 1 if there
are no public receptors within the distance to an endpoint of the worst-case scenario for the process and the
other Program 1 criteria are met. For Program 2 or Program 3 processes, you must analyze and report on one
worst-case analysis representing all toxic regulatbdtances present above the thodd quantity and one
worst-case analysis representing all flammable regulatextanices present above the thodd quantity.
You may need to submit an additional worst-case analysis if a worst-case release from elsewhere at the source
would potentiallyaffect public receptors different from those affected by the initial worst-case scenario(s).

If you have more than one regulatethstiance in a class, the substance chosen for the consequence
analysis for each hazard for Program 2 and 3 procelssgkide the dastance that has the potential to cause
the greatest offsite consequences. Choosing the toxic regulbstdrsze that ight lead to the greatest
offsite consequences may require a screening analysis of the toxic regutstadiees on site, because the
potential consequences are dependent on a number of factors, including quantity, toxicity, and volatility.
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Location (distance to the fenceline) and conditions of processing or storage (e.g., a high temperature process)
also should be considered. In selecting the worst-case scenario, you may want to consider the following
points:

. Toxic gases with low toxic endpoints are likely to give the greatest distances to the endpoint
for a given release quantity; a toxic gas would be a likely choice for the worst-case analysis
required for Program 2 and 3 processes (processes containing toxic gases are unlikely to be
eligible for Program 1).

. Volatile, highly toxic liquids (i.e., liquids with high ambient vapor pressure and low toxic
endpoints) also are likely to give large distances to the endpoint (processes containing this
type of substance awmlikely to be eligible for Program 1).

. Toxic liquids with relatively low volatility (low vapor pressure) and low toxicity (large toxic
endpoint) in ambient temperature processes may give fairly small distances to the endpoint;
you probably would not choose suclbstances for the worst-case analysis for Program 2 or
3 if you have other regulated toxics, but you may want to consadeimg) out a worst-case
analysis to demonstrate potential Program 1 eligibility.

For flammable substances, you must consider the consequences of dotapexglosion in the
analysis. The severity of the consequences of a vapor cloud explosion depends on the quantity of the released
substance in the vapdoad, its heat of combustion, and other factors that are assumed to be the same for all
flammable substances. In most cases, the analysis probably e based on the regulated flammable
substance present in the greatest quantity; however, a substancaigitiheat of combustion may have a
greater potential offsite impact than a larger quantity of a substance with a lower heat of icomfrust
some cases, a regulated flammablessance that is close to the felivee might have a greater potential
offsite impact than a larger quantity farther from the fiinee

You are likely to estimate smaller worst-case distances for flammadid&asiges than for similar
guantities of most toxic substances. Because the distance to tohamenty be relatively small, you may
find it worthwhile to arry out a worst-case analysis for each processioomgdlammable shistances to
demonstrate potential eligibility for Program 1, unless there are pabéiptors close to the process.
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3 RELEASE RATES FOR TOXIC SUBSTANCES

In Chapter 3
. 3.1 Estimation of worst-case release rates for toxic gases.
. 3.2 Estimation of release rates for toxic liquids evaporating from pools.
. 3.3 Estimation of release rates for common water solutions of toxic substances
and for oleum.

This chapter describes simple methods for estimating release rates for regulatedbsoaitces for
the worst-case scenario. Simple release rate equations are provided, and factors to be used in these equations
are provided (in Appendix B) for each regulatedstance. The estimated release rates may be used to
estimate dispersion distances to the toxic endpoint for regulated toxic gases and liquids, as discussed in
Chapter 4.

3.1 Release Rates for Toxic Gases

In Section 3.1

[

. 3.1.1 Method to estimate worst-case release rates for unmitigated release
(releases directly to the air) of toxic gas.

. 3.1.2 Method to estimate worst-case release rates for toxic gas in encloslires
(passive mitigation).

j=

. 3.1.3 Method to estimate worst-case release rates for liquefied refrigerate
toxic gases in diked areas (as toxic liquid - see Section 3.2.3), including
consideration of the duration of the release.

Regulated dostances that are gases at ambient temperatufe (25° C, Hiduke) Ise considered
gases for consequence analysis, with the exception of gases liquefied by refrigeration at atmospheric pressure.
Gases liquefied under pressure should be treated as gases. Gases liquefied by refrigeration alone and released
into diked areas may be treated as liquids at their boiling points if they would form a pool upon release that is
more than one centimeter (0.033 foot) in depth. Gases liquefied by refageraine that would form a pool
one centimeter (0.033 foot) or less in degthwdd be treated as gases. Modeling shows that the evaporation
rate from such a pool would be equal to or greater than the rate for a toxic gas, which is assumed to be
released over 10 minutes; therefore, treating liquefied refrigerated gases as gases rather than liquids in such
cases is reasonable. You may consider passive mitigation for gaseous releases and releases of gases liquefied
by refrigeration.
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3.1.1 Unmitigated Releases of Toxic Gas

If no passive mitigation system is in place, estimate the release rate for the release over a 10-minute
period of the largest quantity resulting from a pipe or vessel failure, as required by the rule (40 CFR
68.25(c)). For a release from a vessel, calculate the release rate as follows:

QS
R=— -
Q 10 (3-1)
where: QR = Release rate (pounds per minute)
QS = Quantity released (pounds)

Example 1. Gas Release (Diborane)

You have a tank containing 2,500ynds of diborane gas. Assuming the total quantity in the tank is releas
over a 10-minute period, the release rate (QR), from Equation 3-1, is:

QR = 2,500 punds/10 minutes 250 punds per minute

3.1.2 Releases of Toxic Gas in Enclosed Space

If a gas is released in an enclosure such as a building or shed, the release rate to the outside air may
be lessened considerably. The dynamics of this type of release are complex; however, you may use the
simplified method presented here to estimate an approximate release rate to the outside air from a release in
an enclosed space. The mitigation factor (i.e., 55 percent) presented in this method assumes that the release
occurs in a fully enclosed, non-airtight space that is directly adjacent to the outside air. If you are modeling a
release in an interior room that is enclosed within a building, a smaller factor (i.e., more mitigation) may be
appropriate. On the other hand, a larger factor (i.e., less mitigation) should be used for a space that has doors
or windows that could be open during a release. If any of these special circumstances apply to your site, you
may want to consider performing site-specific modeling to determine the appropriate amount of passive
mitigation. In addition, you should not incorporate the passive mitigation effect of building enclosures into
your modeling if you have reason to believe the enclosure would not withstand the force of the release or if
the chemical is handled outside the building (e.g., moved from one building to another building).

For the worst case, assume as before that the largest quantity resulting from a pipe or vessel failure is
released over a 10-minute period. Determine the unmitigated worst-case scenario release rate of the gas as
the quantity released divided by 10 (Equation 3-1). The release rate from the building will be approximately
55 percent of the worst-case scenario release rate (see Appendix D, Section D.1.2 for the derivation of this
factor). Estimate the mitigated release rate as follows:
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S
R= 54055 i
Q 10 (3-2)
where: QR = Release rate (pounds per minute)

QS = Quantity released (pounds)

055 = Mitigation factor (discussed in Appendix D, Section D.1.2)

Example 2. Gas Release in Enclosure (Diborane)

Suppose the diborane gas from Example 1 is released inside a building at the rateoah@5@pr minute.
The mitigated release to the outside air from the building would be:

QR =250 punds/minute x 0.55 £38 munds per minute

3.1.3 Releases of Liquefied Refrigerated Toxic Gas in Diked Area

If you have a toxic gas that is liquefied by refrigeration alone, and it will be released into an area
where it will be contained by dikes to form a pool more than one centiméi88 (@ot) in depth, you may
carry out the worst-case analysis assignevaporation from a liquid pool at the boiling point of the liquid. If
your gas liquefied by refrigeration would form a pool one centimet@B8Xoot) or less in depth, use the
methods described in Section 3.1.1 or 3.1.2 above for the analysis. For a release in a diked area, first
compare the diked area to the maximum area of the pool that could be formed. You can use Equation 3-6 in
Section 3.2.3 to estimate the maximum size of the pool. Density factors (DF), needed for Equation 3-6, for
toxic gases at their boiling points are listed in Exhibit B-1 of Appendix B. If the pool formed by the released
liquid would be smaller than the diked area, assume a 10-minute gaseous release, and estimate the release rate
as described in Section 3.1.1. If the dikes prevent the liquid from spreading out to form a pool of maximum
size (one centimeter in depth), you may use the method described in Section 3.2.3 for mitigated liquid
releases to estimate a release rate from a pool at the boiling point of the relbatetteu Use Equan 3-
8 in Section 3.2.3 for the release rate. The Liquid Factor BoiliRg)for each toxic gas, needed to use
Equation 3-8, is listed in Exhibit B-1 of Appendix B. See the example release rate estimation on the next
page.

After you have estimated the release rate, estimate the duration of the vapor release from the pool
(the time it will take for the pool to evaporate completely) by dividing the total quantity spilled by the release
rate. You need to know the duration of release to choose the appropriate reference table of distances to
estimate the consequence distance, as discussed in Section 4. (You do not need to consider the duration of the
release for chlorine or sulfur dioxide, liquefied by refrigeration alone. Only one reference table of distances is
provided for worst-case releases of each of thds&tances, and these tables may be used regardless of the
release duration. The principal reason for making no distinction between 10-minute and longer releases for
the chemical-specific tables is that the differences between the two are small relative to the uncertainties that
have been identified.)
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Example 3. Mitigated Release of Gases Liquefied by Refrigeration (Chlorine)

QR =1.4x0.19 x 275 = 73pnds per minute

The duration of the release does not need to be considered for chlorine.

You have a refrigerated tank containing 50,000nals of liquid chlorine at ambient pressure. A diked area

around the chlorine tank 875 square feet is sufficient to hold all of théled liquid chlorine. Once the

liquid spills into the dike, it is then assumed to evaporate at its boiling poirtt (-29 F). The evaporation rajat
the boiling point is determined from Equation 3-8. For the calculation, wind speed is assumed to be 1.5 jeters
per second and the wind speed factor is 1.4, LFB for chlorine (from Exhibit B-1) is 0.19, a@d5Asiguare

feet. The release rate is:

3.2

Release Rates for Toxic Liquids

In Section 3.2

3.2.1 Method to estimate the quantity of toxic liquid that could be released
a broken pipe.

from

3.2.2 Method to estimate the release rate of a toxic liquid evaporating fronp a

pool with no mitigation (no dikes or enclosures), including:

-- Releases at ambient temperature®(25 C),
-- Releases at elevated temperature, and
-- Estimation of the duration of the release.

3.2.3 Method to estimate the release rate of a toxic liquid evaporating from a

pool with passive mitigation, including:

-- Releases in diked areas,

-- Releases into other types of containment, and
-- Releases into buildings.

3.2.4 Estimation of release rates for mixtures containing toxic liquids.

3.2.5 Method to correct the estimated release rate for liquids released at
temperatures between 25 C anc50 C.

For the worst-case analysis, the release rate to air for toxic liquids is assumed to be the rate of
evaporation from the pool formed by the released liquid. This section provides methods to estimate the
evaporation rate. Assume the total quantity in a vessel or the maximum quantity from pipes is released into
the pool. Passive mitigation measures (e.g., dikes) may be considered in determining the area of the pool and
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the release rate. To estimate the consequence distance using this guidance, you must estimate how long it will
take for the pool to evaporate (the duration of the release), as well as the release rate, as discussed below.

The rule (40 CFR 68.22(g)) requires you to assume that$idother than gases liquefied by
refrigeration) are released at the highest maximum daily temperature for the previous three years or at process
temperature, whichever is higher. This chapter provides methods to estimate the release tate af25 C (77 F)
or at the boiling point, and also provides a method to correct the release rate at 25 C for releases at
temperatures between 25 C and50 C.

The calculation methods provided in this section apply bstsinces that are ligds under ambient
conditions or gases liquefied by refrigeration alone that are released to form pools deeper than one centimeter
(see Section 3.1.3 above). You must treat gases liquefied under other conditions (under pressure or a
combination of pressure and refrigeration) or gases liquefied by refrigeration alone that would form pools one
centimeter or less in depth upon release as gas rather than liquid releases (see Sections 3.1.1 and 3.1.2
above).

3.2.1 Releases of Toxic Liquids from Pipes

To consider a liquid release from a broken pipe, estimate the maximum quantity that could be
released assuming that the pipe is full of liquid. To estimate the quantity in the pipe, you need to know the
length of the pipe (in feet) and cross-sectional area of the pipe (in square feet). Note also that liquid may be
released from both directions at a pipe shear (both in the direction of operational flow and the reverse
direction, depending on the location of theashe Therefore, the lengthowld be the full length of pipe
carnying the liquid on the facility grounds. Then, the volume of the liquid in the pipe (in cubic feet) is the
length of the pipe times the cross-sectional area. The quantity in the pipe (in pounds) is the volume divided
by the Density Factor (DF) times 0.033. (DF values are listed inidpp8, Exhibit B-2. Density in
pounds per cubic foot is equal to 1/(DF time333).) Assume the estimated quantity (@upds) is released
into a pool and use the method and equations described below in Section 3.2.2 (unmitigated releases) or 3.2.3
(releases with passive mitigation) to determine the evaporation rate of the liquid from the pool.

3.2.2 Unmitigated Releases of Toxic Liquids

If no passive mitigation measures are in place, the liquid is assumed to form a pool one centimeter
(0.39 inch or 0.033 foot) deep instantaneoudlgu may calculate the release rate to air from the pool (the
evaporation rate) as discussed below for releases at ambient or elevated temperature.

Ambient Temperature

If the liquid is always at ambient temperature, find the Liquid Factor Ambient (LFA) and the Density
Factor (DF) in Exhibit B-2 of Appendix B. The LFA and DF apply to liquids & 25 C; if your ambient
temperature is between 25 C and®50 C, you may use the method described here and then apply a
Temperature Correction Factor@F), as discussed in Siext 3.2.5 below, to correct the calculated release
rate. Calculate the release rate of the liquid & 25 C from the following equation:

QR = QSx 1.4 x LFA x DF (3-3)

April 15, 1999 3-5



Chapter 3
Release Rates for Toxic Substances

where: QR = Release rate (pounds per minute)
QS = Quantity released (pounds)
1.4 = Wind speed factor = 2.8 |, where 1.5 meters per second (3.4 miles per
hour) is the wind speed for the worst case
LFA = Liquid Factor Ambient
DF = Density Factor

Example 4. Unmitigated Liquid Release at Ambient Temperature (Acrylonitrile)

You have a tank containing 20,000ynds of acrylonitrile at ambient temperature. The total quantity in the

tank is spilled onto the ground in an undiked area, forming a pool. Assume the pool spreads out to a dejh of
one centimeter. The release rate from the pool (QR) is calculated from Equation 3-3. For the calculatiogthe
wind speed is assumed to be 1.5 meters per second and the wind speed factor is 1.4. From Exhibit B-2
Appendix B, LFA for acrylonitrile is 0.018 and DF is 0.61. Then:

QR =20,000 x 1.4 x 0.018 x 0.61 = 303upds per minute

The duration of the release (from Equation 3-5) would be:

t =20,000 pundsB07 punds per minute = 65 minutes

Elevated Temperature

If the liquid is at an elevated temperature (above 50 C or at or close to the boiling point), find the
Liquid Factor Boiling (LFB) and the Density Factor (DF) in Exhibit B-2 of Apdéx B (see Appendix D,
Section D.2.2, for the derivation of these factors). For temperatures up to 50 C, you may use the method
above for ambient temperature and apply the Temperature Correction Factors, as discussed in Section 3.2.5.
If the temperature is above 50 C, or the liquid is at or close to its boiling point, or no Temperature Correction
Factors are available for your liquid, calculate the release rate of the liquid from the following equation:

QR =QSx 1.4 xLFB x DF (3-4)
where: QR = Release rate (pounds per minute)
QS = Quantity released (pounds)
1.4 = Wind speed factor = 2.8 |, where 1.5 meters per second (3.4 miles per
hour) is the wind speed for the worst case
LFB = Liquid Factor Boiling
DF = Density Factor
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Example 5. Unmitigated Release at Elevated Temperature (Acrylonitrile)

You have a tank containing 20,000ynds of acrylonitrile at an elevated temperature. The total quantity in

tank is spilled onto the ground in an undiked area, forming a pool. Assume the pool spreads out to a dejh of
one centimeter. The release rate from the pool is calculated from Equation 3-4. For the calculation, the jnd
speed factor for 1.5 meters per second is 1.4. From Exhibit B-2, Appendix B, LFB for acrylonitrile is 0.1Jnd
DFis 0.61. Then:

QR =20,000 x 1.4 x 0.11 x 0.61 = 1,88fupds per minute

The duration of the release (from Equation 3-5) would be:

t =20,000 punds1880 munds per minute = 11 minutes

Duration of Release

After you have estimated a release rate as described above, determine the duration of the vapor
release from the pool (the time it will take for the liquid pool to evaporate completely). If you calculate a
corrected release rate for liquids above 25 C, use the corrected release rate, estimated as discussed in Section
3.2.5 below, to estimate the release duration. To estimate the time in minutes, divide the total quantity
released (in pounds) by the release rate (in pounds per minute) as follows:

QS
t = =— -
OR (3-5)
where: t = Duration of the release (minutes)
QR = Release rate (pounds per minute) (use release rate corrected for
temperature, QR , if appropriate)
QS = Quantity released (pounds)

You will use the duration of the vapor release from the pool to decide which table is appropriate for
estimating distance, as discussed in Chapter 4 below.

3.2.3 Releases of Toxic Liquids with Passive Mitigation
Diked Areas
If the toxic liquid will be released into an area where it will be contained by dikes, compare the diked
area to the maximum area of the pool that could be formed; the smaller of the two areas should be used in

determination of the evaporation rate. The maximum area of the pool (assuming a depth of one centimeter)
is:
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A = QS x DF (3-6)
where: A = Maximum area of pool (square feet) for depth of one centimeter
QS = Quantity released (pounds)
DF = Density Factor (listed in Exhibit B-2, Appendix B)

Maximum Area Smaller than Diked Are#f the maximum area of the pool is smaller than the diked
area, calculate the release rate as described for "no mitigation" above.

Diked Area Smaller than Maximum Areé#f the diked area is smaller than the maximum pool area,
go to Exhibit B-2 in Appendix B to find the Liquid Factor Ambient (LFA), if the liquid is at ambient
temperature, or the Liquid Factor BoilingHB), if the liquid is at an elevated temperature. For liquids at
temperatures between 25 C and50 C, you may use the method described here and then apply a
Temperature Correction Factor@F), as discussed in Siext 3.2.5 below, to correct the calculated release
rate. For gases liquefied by refrigeration alone, use LFB from Exhibit B-1. Calculate the release rate from
the diked area as follows for liquids at ambient temperature:

QR =14 xLFA x A (3-7)

or, for liquids at elevated temperature or for gases liquefied by refrigeration alone:

QR =14 xLFB x A (3-8)
where: QR = Release rate (pounds per minute)

1.4 = Wind speed factor = 2.8 |, where 1.5 meters per second (3.4 miles per
hour) is the wind speed for the worst case

LFA = Liquid Factor Ambient (listed in Exhibit B-2, Appendix B)

LFB = Liquid Factor Boiling (listed in Exhibit B-1 (for liquefied gases) or B-2 (for
liquids), Appendix B)

A = Diked area (square feet)

Potential Overflow of Diked Arealn case of a large liquid spill, you also need to consider whether
the liquid could overflow the diked area. Follow these steps:

. Determine the volume of the diked area in cubic feet frafase area times depth or length
times width times depth (in feet).

. Determine the volume of liquid spilled in cubic feet from QS x DFO88.(DF x 0.033 is
equal to 1/density in pounds per cubic foot).

. Compare the volume of the diked area to the volume of liquid spilled. If the volume of
liquid is greater than the volume of the diked area:

- Subtract the volume of the diked area from the total volume spilled to determine the
volume that might overflow the diked area.
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- Estimate the maximum size of the pool formed by the overflowing liquid (in square
feet) by dividing the overflow volume (in cubic feet) b@83 (the depth of the pool
in feet).

- Add the suface area of the diked area and the area of the pool formed by the
overflow to estimate the total pool area (A).

- Estimate the evaporation rate from Equation 3-7 or 3-8 above.

After you have estimated the release rate, estimate the duration of the vapor release from the pool by
dividing the total quantity spilled by the release rate (Equation 3-5 above).

Example 6. Mitigated Liquid Release at Ambient Temperature (Bromine)

You have a tank containing 20,000umds of bromine at an ambient temperature 6f 25 C. Assume that th
total quantity in the tank is spilled into a square diked area 10 feet by 10 fediQ@rsguare feet). The dike

walls are four feet high. The area (A) that would be covered to a depth of 0.033 feet (one centimeter) byjilhe
spilled liquid is given by Equation 3-6 as the quantity released (QS) times the Density Factor (DF). Fro
Exhibit B-2, Appendix B, DF for bromine is 0.16. Then:

A =20,000 x 0.16, or 3,200 square feet
The diked area is smaller than the maximum pool area. The volume of bromine spill@@@x20,16 x
0.033, or 106 cubic feet. Theikgxd liquid would fill the diked area to a depth of a little more than one foot,
well below the top of the wall. You use the diked area to determine the evaporation rate from Equation 3.
For the calculation, wind speed is 1.5 meters per second, the wind speed factor is 1.4, LFA for bromine @@bm
Exhibit B-2) is 0.073, and A is 100 square feet. The release rate is:
QR =1.4x0.073% 100 = 10 punds per minute

The maximum duration of the release would be:

t = 20,000 punds/10 pounds per minute Q0 minutes

Other Containment

If the toxic liquid will be contained by other means (e.g., enclosed catch basins or trenches), consider
the total quantity that could be spilled and estimate tHaciarea of the released liquid that potentially
would be exposed to the air. Look at the dimensions of trenches or other areas where spilled liquids would be
exposed to the air to determine the surface area of pools that could be formed. Use the instructions above to
estimate a release rate from the total surface area.
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Releases into Buildings

If the toxic liquid is released inside a building, compare the area of the pool that would be formed
(depending upon floor space or passive mitigation) to the maximum area of the pool that could be formed (if
the liquid is not contained); the smaller of the two areas should be used in determining the evaporation rate.
The maximum area of the pool is determined as described above for releases into diked areas, using Equation
3-6. If the toxic liquid would spread to cover the building floor, you determine the area of the building floor
as:

A=LxW (3-9)
where: A = Area (square feet)
L = Length (feet)
w = Width (feet)

If there are obstacles suchdikes inside the building, determine the size of the pool that would be formed
based on the area defined by the dikes or ottstacles.

The evaporation rate is then determined for a worst-case scenario (i.e., wind speed is 1.5 meters per
second (3.4 miles per gl usng Equation 3-3 or 3-4, if the liquid spreads to its maximum area, or
Equation 3-7 or 3-8, if the pool area is smaller than the maximum. The maximum rate of evaporated liquid
exiting the building is taken to be 10 percent of the calculated worst-case scenario evaporation rate (see
Appendix D, Section D.2.4 for the derivation of this factor), as follows:

QR; = 0.1 xQR (3-10)
where: QR, = Release rate from building
QR = Release rate from pool, estimated as discussed above
0.1 = Mitigation factor, discussed in Appendix D, Section D.2.4

Note that the mitigation factor (i.e., 0.1) presented in this method assumes that the release occurs in a
fully enclosed, non-airtight space that is directly adjacent to the outside air. It may not apply to a release in
an interior room that is enclosed within a building, or to a space that has doors or windows that could be open
during a release. In such cases, you may want to consider performing site-specific modeling to determine the
appropriate amount of passive mitigation.
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Example 7. Liquid Release Inside Building (Bromine)

Suppose that your tank of bromine from Example 6 is contained inside a storage shed 10 feet by 10 feetjhrea
100 square feet). There are no dikes inside the shed. From Example 6, you see that the area covered il the
bromine in an unenclosed space would [203,square feet. The building area is smaller than the maximu

pool area; therefore, the building floor area should be used to determine the evaporation rate from Equajin 3-
7. For the calculation, first determine the worst-case scenario evaporation rate:

QR =1.4x0.073 x 100 = 1®@pnds per minute

The release rate to the outside air of the evaporated liquid leaving the building would then be:

QR; = 0.1 x 10 pounds per minute = 1 pound per minute

3.2.4 Mixtures Containing Toxic Liquids

Mixtures containing regulated toxiclsstances do not have to be considered if the condentrt
the regulated dastance in the mixture is below one percent bighteor if you can demonstrate that the
partial vapor pressure of the regulatelstences in the mixture is below 1@limeters of mercury (mm
Hg). Regulated qastances present as bysgucts or impurities would need to be considered if they are
present in concentrations of one percent or greater in quantities above their thresholds, and their partial vapor
pressures are 10 mm Hg or higher. In case of a spill of a liquid mixture containing a regulated toxic
substance with partial vapor pressure of 10 mm Hugbrer (with the exception of common water solutions,
discussed in the next section), you have several options for estimating a release rate:

. Carry out the analysis as described above in@ecB.2.2 or 3.2.3 using the quantity of the
regulated sistance in the mixture and thedid factor (LFA or LFB) and density factor for
the regulated dastance in pure form. This is a simple approachlittely will give
conservative results.

. If you know the partial pressure of the regulatdassance in the mixture, you may estimate
a more realistic evaporation rate. An equation for the evaporation rate is given at the end of
Section B.2 in Appendix B.

- In this case, estimate a pool size for the entire quantity of the mixture, for an
unmitigated release. If you know the density of the mixture, you may use it in
estimating the pool size; otherwise, you may assume the density is the same as the
pure regulated dstance (in most cases, this assuompis unlikely to have a large
effect on the results).

. You may estimate the partial pressure of the regulatestaoce in the mixture by the

method described in Section B.2 in Appendix B and use the equation presented there to
estimate an evaporation rate. This equation is appropriate to mixtures and solutions in
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which the components do not interact with each other. It is probably inappropriate for most
water solutions. It is likely to overestimate the partial vapor pressure of regulated
substances in wateolsitions in which hydrogen bonding may occur (e.g., solutions of acids
or alcohols). As discussed above, use the pool size for the entire quantity of the mixture for
an unmitigated release.

Example 8. Mixture Containing Toxic Liquid (Acrylonitrile)

You have a tank containing 50,000ynds of a mixture of acrylonitrile (a regulated substance) and N,N-
dimethylformamide (not regulated). The weight of each of the components of the mixture is known
(acrylonitrile = 20,000 punds; N,N-dimethylformamide = 30 unds.) The molecular weight of

acrylonitrile, from Exhibit B-2, is 53.06, and the molecular weight of N,N-dimethylformamide is 73.09. U{llg
Equation B-3, Appendix B, calculate the mole fraction of acrylonitrile in the solution as follows:

X, = (20.000/53.06)
(20,000/53.06) + (30,000/73.09)
X =__ 377
377 + 410
X, =0.48

Estimate the partial vapor pressure of acrylonitrile using Equation B-4 as follows (using the vapor pressus of
acrylonitrile in pure form at 25C, 108 mm Hg, from Exhibit B-2, Appendix B):

VP, =0.48 x 108 =51.8 mm Hg
Before calculating evaporation rate for acrylonitrile in the mixture, you must determine the surface area e
pool formed by the entire quantity of the mixture, using Equation 3-6. The quantity releas@0@p0nds
and the Density Factor for acrylonitrile is 0.61 in Exhibit B-2; therefore:

A =50,000 x 0.61 = 30,500 square feet

Now calculate the evaporation rate for acrylonitrile in the mixture from Equation B-5 using the VP and
calculated above:

QR =_0.0035 x 1.0 x (53.06) x 30,500 x 51.8
298

QR =262 punds per minute

3.2.5 Release Rate Correction for Toxic Liquids Released at Temperatures
Between 25 Cand 50 C

If your liquid is at a temperature between®25 Cq77 F) arfd 5022°¢), you must use tiégher
temperature for the offsite consequence analysis. You may correct the release rate calculated for a pool at 25
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°C to estimate from a pool at the higher temperature using Temperature Correction Fa&pmmaiided in
Appendix B, Exhibit B-4. Calculate a corrected release rate as follows:

. Calculate the release rate (QR) of the liquid at 25 C (77 F) as described in Section 3.2.2
(for unmitigated releases) or 3.2.3 (for releases with passive mitigation).

. From Exhibit B-4 in Appendix B:
- Find your liquid in the left-hand column of the table.
- Find the temperature closest to your temperature at the top of the table. If your
temperature is at the midpoint between two temperatures, go to the higher
temperature; otherwise go to the closest temperature (higher or lower than your

temperature).

- Find the TCF for your liquid in the column for the appropriate temperature.

. Estimate a corrected release rate {QR ) by multiplying the estimated release rate by the TCF;
ie.,
QR. = QR x TCF (3-11)
where: QR. = Corrected release rate
QR = Release rate calculated for25 C

TCF Temperature Correction Faci@om Exhibit B-4, Appeadix B)

The derivation of the Temperature Correction Factors is discussed in Appendix D, Section D.2.2. If

you have vapor pressure-temperature data for a liquid not covered in Exhibit B-4, you may correct the
evaporation rate using the method presented in Section D.2.2.
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Example 9. Liquid Release at Ambient Temperature Between 25 C and 50 C (Bromine)

Assume the tank containing 20,008upds of bromine, from Example 6, is at an ambient temperature®of 3

(95°F). As in Example 6, the total quantity in the tank is spilled into a diked enclosure that completely ¢
the spill. The surface areali®0 square feet. In Example 6, the release rate (QR)°at 25 C was calculate
Equation 3-7 to be 10 pounds per minute. To adjust the release rate for the temperature of 35 C, you fi
Temperature Correction Factor (TCF) for bromine &t 35 C from Exhibit B-4 in Appendix B. The TCF at
temperature is 1.5; the corrected release rate (QR )°at 35 C, from Equation 3-11, is

QR. =10 x 1.5 = 15 pounds per minute
The duration of the release (from Equation 3-5) would be:

t = 20,000 punds/15 pounds per minute 3Q0 minutes

3.3 Release Rates for Common Water Solutions of Toxic Substances and for
Oleum

In Section 3.3

. Methods to estimate the release rates for several common water solution§ and
for oleum, including:

-- Evaporation from pools with no mitigation (see 3.2.2),

-- Evaporation from pools with dikes (see 3.2.3),

-- Releases at elevated temperatures of solutions of gases, and
-- Releases at elevated temperatures of solutions of liquids.

This section presents a simple method of estimating the release rate from spills of water solutions of
several substances. Oleum @éution of sulfur trioxide in sulfuric acid) also is discussed in this section.

The vapor pressure and evaporation rate obatance inalution depends on its concentration in
the solution. If a concentrated water solution containing a volatile tdxgtance is sjped, the toxic
substancdnitially will evaporate more quickly than water from the spilled solution, and the vapor pressure
and evaporation rate will decrease as the concentration of the tbgtasce in theadution decreases. At
much lower concentrations, water may evaporate more quickly than the tosiarsze. There is one
concentration at which the composition of the solution does not change as evaporation occurs. For most
situations of interest, the concentratioe®ds this concentiah, and the toxic dastance evaporates more
quickly than water.

For estimating release rates from solutions, this guidastsditiyid factors (ambient) for several

common water solutions at several concentrations that take into account the decrease in evaporation rate with
decreasing concentration. Exhibit B-3 in Appendix B provides LFA and DF values for several concentrations
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of ammonia, formaldehyde, hydrochloric acid, hydrofluoric acid, and nitric acid in water solution. Factors for
oleum are also included in the exhibit. Chlorine dioxide also may be found in water solutions; however,
solutions of chlorine dioxide commonly are below one percent concentration. Solutions below one percent
concentration do not have to be considered. Chlorine dioxide, therefore, is not included in Exhibit B-3. These
factors may be used to estimate an average release rate for the listed substancesofrfomaed by a spill

of solution. Liquid factors are provided for two different wind speeds, because the winaf$petsdhe rate

of evaporation.

For the worst case, use the factor for a wind speed of 1.5 meters per second (3.4 miles per hour).
You need to consider only the first 10 minutes of the release for solutions under ambient conditions in
estimating the consequence distance, because the toxic component in a solution evaporates fastest during the
first few minutes of a spill, when its concentration is highest. Modeling indicates that analysis considering
the first 10 minutes of the release gives a good approximation of the overall consequences of the release.
Although the toxic shbistance il continue to evaporate from the pool after 10 minutes, the rate of
evaporation is so much lower that it can safely be ignored in estimating the consequence distance. (See
Appendix D, Section D.2.3, for more information.) Estimate release rates as follows:

Ambient Temperature

. Unmitigated If no passive mitigation measures are in place, and the solution is at ambient
temperature, find the LFA at 1.5 meters per second (3.4 miles per hour) and DF for the
solution in Appendix B, Exhibit B-3. Follow the instructions for liquids presented in
Section 3.2.2 above to estimate the release rate of the litstdisce ina@lution. Use the
total quantity of the solution as the quantity released (Qjrigirng out the calculation of
release rate.

. Mitigated If passive mitigation is in place, and the solution is at ambient temperature, find
the LFA at 1.5 meters per second (3.4 miles per hour) in Appendix B, Exhibit B-3, and
follow the instructions for liquids in Section 3.2.3 above. Use the total quantity of the
solution to estimate the maximum pool area for comparison with the diked area.
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Example 10. Evaporation Rate for Water Solution at Ambient Temperature (Hydrochloric Acid)

You have a tank containing 50,000unds of 37 percent hydrochloric acid solution, at ambient temperatur
For the worst-case analysis, you assume the entire contents of the tank is released, forming a pool. Thejklease
occurs in a diked area of 9,000 square feet.

From Exhibit B-3, Appendix B, the Density Factor (DF) for 37 percent hydrochloric acid is 0.42. From

Equation 3-6, the maximum area of the pool would be 50,000 times 0.42, or 21,000 square feet. The dijgd
area is smaller; therefore, the diked area should be used in the evaporation rate (release rate) calculatiogl using
Equation 3-7.

For the calculation using Equation 3-7, you need the pool area (9,000 square feet) and the Liquid Facto
Ambient (LFA) for 37 percent hydrochloric acid; you assume a wind speed of 1.5 meters per second, so
wind speed factor is 1.4. From Exhibit B-3, Appendix B, the LFA is 0.0085. From Equation 3-7, the relciie
rate (QR) of hydrogen chloride from the pool is:

QR =1.4 x9,000 x 0.0085 = 10@ynds per minute

You do not need to consider the duration of the release, because only the first ten minutes are consider

Elevated Temperature

April 15, 1999

Known Vapor Pressurdf the solution is at an elevated temperature, the vapor pressure of
the regulated distance and its release rate from thlatfon will be much higher. This

guidance does not include temperature correction factors for evaporation rates of regulated
substances fronoutions. If you know the partial vapor pressure of the toXistnce in

solution at the relevant temperature, you @mnyoout the calculan of the release rate

using the equations in Appendix D, Sections D.2.1 and D.2.2. As for releases of solutions at
ambient temperature, you only need to consider the first 10 minutes of the release, because
the evaporation rate of the toxidostiance from theodution will decrease rapidly as its
concentration decreases.

Unknown Vapor Pressurdf you do not know the vapor pressure of thessance in
solution, as a conservative approach for the worst-case analysis, use the appropriate
instructions, as follows:

-- Solutions containing substances that are gases under ambient condifioas
list of regulated dostances idades several f1stances that, in their pure form, are
gases under ambient conditions, but that may commonly be found in water
solutions. These bgtances idade ammonia, formaldehyde, hydrogen chloride,
and hydrogen fluoride. For a release of a solution of ammonia, formaldehyde,
hydrochloric acid, or hydrofluoric acid above ambient temperature, if you do not
have vapor pressure data for the temperature of interest or prefer a simpler method,
assume the quantity of the pure substance indlnéian is released as a gas over 10
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minutes, as discussed in Section 3.1 above. You may determine the amount of pure
substance in theokition from the concentration (e.g., a solution of 37 percent
hydrochloric acid by weight would contain a quantity of hydrogen chloride equal to
0.37 times the total weight of the solution).

Acid)

solution.

Example 11. Evaporation Rate for Gas in Water Solution at Elevated Temperature (Hydrochloric

You have 50,000quinds of 37 percent hydrochloric acid solution in a high-temperature process. For the
worst-case analysis, you assume the entire contents of the process vessel is released. In this case, bedise the
solution is at an elevated temperature, you consider the release of gaseous hydrogen chloride from the

The solution would contain 50,000 x 0.33upds of hydrogen chloride, or 580 punds. You assume the
entire 18,500 punds is released over 10 minutes. From Equation 3-1, the release ri@@sdidded by 10,
or 1,850 punds per minute.
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Liguids in solution If you have vapor pressure data for the liquid in solution
(including nitric acid in water solution and sulfur trioxide in oleum) at the
temperature of interest, you may use that data to estimate the release rate, as
discussed above. You only need to consider the first 10 minutes of the evaporation.

For a release of nitric acid solution at a temperature above ambient, if you do not
have vapor pressure data or prefer to use this simpler method, determine the
guantity of pure nitric acid in the solution from the concentration. Assume the
guantity of pure nitric acid is released at an elevated temperature and estimate a
release rate as discussed in Section 3.2 above, using the LFB. For temperatures
between 23 C and 30 C, you may use the LFA and the temperature correction
factors for the pure substance, as described imo8e22.5. You do not need to
estimate the duration of the release, because you only consider the first 10 minutes.

Similarly, for a release of oleum at an elevated temperature, determine the quantity
of free sulfur trioxide in the oleum from the concentration and assume the sulfur
trioxide is released at an elevated temperature. Use the LFB or the LFA and
temperature correction factors for sulfur trioxide to estimate a release rate as
discussed in Section 3.2. You only need to consider the first 10 minutes of the
release in your analysis.

For a spill of liquid in solution into a diked area, you would need to consider the
total quantity of solution determining whether the liquid could overflow the diked
area (see the steps in Section 3.2.3). If you find that the liquid could overflow the
dikes, you would need to consider both the quantity of pulrstance remaing

inside the diked area and the quantity of pubstance sified outside the diked

area in carmyg out the release rate analysis as discussed in Section 3.2.3.
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Example 12. Evaporation Rate for Liquid in Water Solution at Elevated Temperature (Nitric Acid)

You have 18,000quinds of 90 percent nitric acid solution in a high temperature process. The solution wdad
contain 18,000 x 0.90qunds of nitric acid, or 1800 punds. You assume P80 punds of pure nitric acid
is released at an elevated temperature.

For the calculation using Equation 3-4, you need the quantity releas2@@);@he Liquid Factor Bling

(LFB) for nitric acid (0.12 from Exhibit B-2); the Density Factor (DF) for nitric acid (0.32 from Exhibit B-2)

and you assume a wind speed of 1.5 meter per second, so the wind speed factor is 1.4. From Equation g4, the
release rate (QR) of hot nitric acid is:

QR =16,200 x 1.4 x 0.12 x 0.32 = 87@upds per minute

You do not need to estimate the duration of release, because you only consider the first 10 minutes.
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4 ESTIMATION OF WORST-CASE DISTANCE TO TOXIC
ENDPOINT

In Chapter 4

. Reference tables of distances for worst-case releases, including:

-- Generic reference tables (Exhibit 2), and
-- Chemical-specific reference tables (Exhibit 3).

. Considerations include:
-~ Gas density (neutrally buoyant or dense),

-- Duration of release (10 minutes or 60 minutes),
-- Topography (rural or urban).

This guidance provides reference tables giving worst-case distances for neutrally buoyant gases and
vapors and for dense gases and vapors for both rural (open) and urban (obstructed) areas. This chapter
describes these reference tables and gives instructions to help you choose the appropriate table to estimate
consequence distances for the worst-case analysis.

Neutrally buoyant gases and vapors have approximately the same density as air, and dense gases and
vapors are heavier than air. Neutrally buoyant and dense gases are dispersed in different ways when they are
released; therefore, modeling wasreed out to develop separate reference tables. These generic reference
tables can be used to estimate distances using the specified toxic endpoint fobs@acttsand the
estimated release rate to air. In addition to the generic tables, chemical-specific reference tables are provided
for ammonia, chlorine, and sulfur dioxide. These chemical-specific tables were developed based on modeling
carried out foindustry-specific guidance documents. All the tables were developed assuming a wind speed
of 1.5 meters per second (3.4 miles per hour) and F stability. To use the reference tables, you need the worst-
case release rates estimated as described in the previous sections. For liquid pool evaporation, you also need
the duration of the release. In addition, to use the generic tables, you will need to determine the appropriate
toxic endpoint and whether the gas or vapor is neutrally buoyant or dense, using the exhibits in Appendix B.
You may interpolate between entries in the reference tables.

Generic reference tables are provided for both 10-minute releases and 60-minute releases. You
should use the tables for 10-minute releases if the duration of your release is 10 mingsesise e tables
for 60-minute releases if the duration of your release is more than 10 minutes. For the worst-case analysis, all
releases of toxic gases are assumed to last for 10 minutes. You need to consider the estimated duration of the
release (from Equitn 3-5) for evaporation of pools of toxic liquids. For evaporation of water solutions of
toxic liquids or of oleum, you should always use the tables for 10-minute releases.

The generic reference tables of distances (Reference Tables 1-8), which should be used for
substances other than awma, chlorine, and sulfur dioxide, are found at the end of Chapter 5. The generic
tables and the conditions for which each table are applicable are described in Exhibit 2. Chemical-specific
reference tables of distances (Reference Tables 9-12) follow the generic reference tables at the end of Chapter
5. Each of these chemical-specific tables includes distances for both rural and urban topography. These
tables are described in Exhibit 3.
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Remember that these reference tablesige only rough estimates, not accurate predictions, of the
distances that might be reached under worst-case conditions. In particular, although the distances in the
tables are as great as 25 miles, you should bear in mind that the larger distances (more than six to ten miles)
are very uncertain.

To use the reference tables of distances, follow these steps:

For Regulated Toxic Substaces Other than Ammonia, Gbrine, and Sulfur Dioxide

. Find the toxic endpoint for the lsstance in Appadix B (Exhibit B-1 for toxic gases or
Exhibit B-2 for toxic liquids).

. Determine whether the table for neutrally buoyant or dense gases and vapors is appropriate
from Appendix B (Exhibit B-1 for toxic gases or Exhibit B-2 for toxic liquids). A toxic gas
that is lighter than air may behave as a dense gas upon release if it is liquefied under
pressure, because the released gas may be mixed with liquid droplets, or if it is cold.
Consider the state of the released gas when you decide which table is appropriate.

. Determine whether the table for rural or urban conditions is appropriate.

- Use the rural table if your site is in an open area with few obtngct

- Use the urban table if your site is in an urban or obstructed area. The urban tables
are appropriate if there are many obsinur in the area, even if it is in a remote
location, not in a city.

. Determine whether the 10-minute table or the 60-minute table is appropriate.

- Always use the 10-minute table for worst-case releases of toxic gases.

- Always use the 10-minute table for worst-case releases of common water solutions
and oleum from evaporating pools, for both ambient and elevated temperatures.

- If you estimated the release duration for an evaporating toxic liquid pool to be 10
minutes or less, use the 10-minute table.

- If you estimated the release duration for an evaporating toxic liquid pool to be more
than 10 minutes, use the 60-minute table.
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Exhibit 2
Generic Reference Tables of Distances for Worst-case Scenarios
Applicable Conditions Reference Table
] ) Number
Gas or Vapor Density Topography Release Duration
(minutes)
Neutrally buoyant Rural 10 1
60 2
Urban 10 3
60 4
Dense Rural 10 5
60 6
Urban 10 7
60 8
Exhibit 3
Chemical-Specific Reference Tables of Distances for Worst-case Scenarios
Applicable Conditions Reference
Substance Table
Gas or Vapor Topography Release Duration Number
Density (minutes)
Anhydrous ammonia Dense Rural, Urban 10 9
liguefied under pressure
Non-liquefied ammonia, Neutrally buoyant Rural, Urban 10 10
ammonia liquefied by
refrigeration, or agqueous
ammonia
Chlorine Dense Rural, Urban 10 11
Sulfur dioxide (anhydrous) Dense Rural, Urban 10 12
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Neutrally Buoyant Gases or Vapors

If Exhibit B-1 or B-2 indicates the gas or vapor should be considered neutrally buoyant, and
other factors would not cause the gas or vapor to behave as a dense gas, divide the estimated
release rate (pounds per minute) by the toxic endpoint (milligrams per liter).

Find the range of release rate/toxic endpoint values that includes your calculated release
rate/toxic endpoint in the first column of the appropriate table (Reference Table 1, 2, 3, or
4), then find the corresponding distance to the right (see Example 13 below).

Dense Gases or Vapors

If Exhibit B-1 or B-2 or consideration of other relevant factors indicates tistance
should be considered a dense gas or vapor (heavier than air), find the distance in the
appropriate table (Reference Table 5, 6, 7, or 8) as follows;

- Find the toxic endpoint closest to that of thbstance by refing across the top of
the table. If the endpoint of thelmiance is halfway between two values on the
table, choose the value on the table that is smaller (to the left). Otherwise, choose
the closest value to the right or the left.

- Find the release rate closest to the release rate estimated fdvdtansa at the left
of the table. If the calculated release rate is halfway between two values on the
table, choose the release rate that is Iqfgether down on the table). Otherwise,
choose the closest value (up or down on the table).

- Read across from the release rate and down from the endpoint to find the distance
corresponding to the toxic endpoint and release rate for ybatance.

For Ammonia, CHorine, or Sulfur Dioxide
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Find the appropriate chemical-specific table for yolrssance (see the desciguis of
Reference Tables 9-12 in Exhibit 3).

- If you have ammonia liquefied by refrigeration alone, you may use Reference Table
10, even if the duration of the release is greater than 10 minutes.

- If you have chlorine or sulfur dioxide liquefied by refrigeration alone, you may use
the chemical-specific reference tables, even if the duration of the release is greater
than 10 minutes.

Determine whether rural or urban topography is applicable to your site.

- Use the rural column in the reference table if your site is in an open area with few
obstrucions.
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- Use the urban column if your site is in an urbanb@taucted area. The urban
column is appropriate if there are matgtructons in the area, evenifitisina
remote location, not in a city.

. Estimate the consequence distance as follows:

-- In the left-hand column of the table, find the release rate closest to your calculated
release rate.

- Read the corresponding distance from the appropriate column (urban or rural) to the
right.

The development of Reference Tables 1-8 is discussed in Appendix D, Sections D.4.1 and D.4.2.
The development of Reference Tables 9-12 is discussed in industry-specific rislemeamiagrogram
guidance documents and a backup information document that are cited in Section D.4.3. If you think the
results of the method presented here overstate the potential consequences of a worst-case release at your site,
you may choose to use other methods or models that take additional site-specific factors into account.

Examples 14 and 15 below include the results of modeling using two other models, the Areal
Locations of Hizadous Atmospheres (ALOHA) and the World Bankzdrds AnalysisWHAZAN)
systems. These additional results are provided for comparison with the results of the methods presented in
this guidance. The same modeliraygmeters were used as in the modelarged out for development of
the reference tables of distances. Appendix D, Section D.4.5, provides information on the madwdihg c
out with ALOHA and WHAZAN.

Example 13. Gas Release (Diborane)

In Example 1, you estimated a release rate for diborane gas ob@b@spper minute. From Exhibit B-1, the

toxic endpoint for diborane is 0.0011 mg/L, and the appropriate reference table for diborane is a neutrall
buoyant gas table. Your facility and the surrounding area have many buildings, pieces of equipment, an{@ther
obstructions; therefore, you assume urban conditions. The appropriate reference table is Reference Talg 3, for
a 10-minute release of a neutrally buoyant gas in an urban area.

The release rate divided by toxic endpoint for this example is 250/0.0011 = 230,000.

From Reference Table 3, release rate divided by toxic endpoint falls between 221,000 and 264,000,
corresponding to about 8.1 miles.
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Example 14. Gas Release (Ethylene Oxide)
You have a tank containing 10,000ynds of ethylene oxide, which is a gas under ambient conditions.
Assuming the total quantity in the tank is released over a 10-minute period, the release rate (QR) from ation
3-lis:

QR =10,000 punds/10 minutes =Q00 @unds per minute
From Exhibit B-1, the toxic endpoint for ethylene oxide is 0.09 mg/L, and the appropriate reference table |l the
dense gas table. Your facility is in an open, rural area with few obstructions; therefore, you use the tablegbr

rural areas.

Using Reference Table 5 for 10-minute releases of dense gases in rural areas, the toxic endpoint of 0.0gEMg/L
is closer to 0.1 than 0.075 mg/L. For a release rate of 1@@tp per minute, the distance to 0.1 mg/L is 3.
miles.

Additional Modeling for Comparison

The ALOHA model gave a distance_of 2.2 mileshe endpoint, using the same assumptions.

The WHAZAN model gave a distance_of 2.7 mileshe endpoint, using the same assumptions and the den
cloud dispersion model.

Example 15. Liquid Evaporation from Pool (Acrylonitrile)

You estimated an evaporation rate of 30unms per minute for acrylonitrile from a pool formed by the relea

of 20,000 punds into an undiked area (Example 4). You estimated the time for evaporation of the pool 65
minutes. From Exhibit B-2, the toxic endpoint for acrylonitrile is 0.076 mg/L, and the appropriate referen

table for a worst-case release of acrylonitrile is the dense gas table. Your facility is in an urban area. Y(@use
Reference Table 8 for 60-minute releases of dense gases in urban areas.

From Reference Table 8, the toxic endpoint closest to 0.076 mg/L is 0.075 mg/L, and the closest releasdq@ate to
307 punds per minute B50 ppunds per minute. Using these values, the table gives a worst-case
consequence distance of 2.9 miles.

Additional Modeling for Comparison

The ALOHA model gave a distance_of 1.3 mileghe endpoint for a release rate of 30urms per minute,
using the same assumptions.

The WHAZAN model gave a distance_of 1.0 midethe endpoint for a release rate of 30udrmls per minute,
using the same assumptions and the dense cloud dispersion model.

April 15, 1999 4-6



5 ESTIMATION OF DISTANCE TO OVERPRESSURE ENDPOINT
FOR FLAMMABLE SUBSTANCES

In Chapter 5

=+

. Methods to estimate the worst-case consequence distances for releases (¢
flammable substances.

-- 5.1 Vapor cloud explosions of flammable substances that are not
mixed with other substances, and
-- 5.2 Vapor cloud explosions of flammable substances in mixtures

For the worst-case scenario involving a release of flammable gases and volatile flammable liquids,
you must assume that the total quantity of the flammable substance forms daagh@rithin the upper and
lower flammability limits and the cloud detonates. As a conservative worst-case assumption, if you use the
method presented here, you must assume that 10 percent of the flammable vapor in the cloud participates in
the explosion. You need to estimate the consequence distance to an overpressure level of 1 pound per square
inch (psi) from the explosion of the vapor cloud. An overpressure of 1 psi may cause partial demolition of
houses, which can result in serious injuries to people, and shattering of glass windows, which may cause skin
laceration from flying glass.

This chapter presents a simple method for estimating the distance to the endpoint for a vapor cloud
explosion of a regulated sstance. The miebd presented here for analysis of vapor cloud explosions is
based on a TNT-equivalent model. Other methods are available for analysis of vapor cloud explosions,
including methods that consider site-specific conditions. You may use other methods for your worst-case
analysis if you so choose, provided you assume the total quantity of flammadtienee is in thda@ud and
use an endpoint of 1 psi. If you use a TNT-equivalent model, you must assume a yield factor of 10 percent.
Appendix A includes references to documents and journal articles on vapor cloud explosions that may
provide useful information on methods of analysis.

51 Flammable Substances Not in Mixtures

For the worst-case analysis of a regulated flammalblstance that is not in a mixture with other
substances, you may estimate the consequence distanggvien guantity of a regulated flammable
substance uisg Reference Table 13. This table provides distances to 1 psi overpressure for vapor cloud
explosions of quantities fro800 to 2,000,000qunds. These distances were estimated by a TNT-
equivalent model, Equation C-1 in Appendix C, Section C.1, using the worst-case assumptions described
above and data provided in Exhibit C-1, Appendix C. If you prefer, you may calculate your worst-case
consequence distance for flammable substances from the heat of Gombimste flammable sastance and
Equation C-1 or C-2.
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Example 16. Vapor Cloud Explosion (Propane)

You have a tank containing 50,000ynds of propane. From Reference Table 13, the distance to 1 psi
overpressure is 0.3 miles for 50,008upds of propane.

Alternatively, you can calculate the distance to 1 psi using Equation C-2 from Appendix C:

D = 0.0081 x [ 0.1 x 50,000 x (46,333/4,684 |

D = 0.3 miles

5.2 Flammable Mixtures

If you have more than 10,000ynds of a mixture of flammablelsstances thaheets the criteria
for listing under CAA sectiot12(r) (flash pint below 22.8 C (78 F), boiling point below 37.8 C (100
°F), National Fire Protection Association (NFPA) flammabiliazard rang of 4), you may need t@aay out
a worst-case consequence analysis for the mixture. (If the mixture itself does not meet these criteria, it is not
covered, and no analysis is required, even if the mixture contains one or more reghkstiattes.) You
should arry out the analysis img the total quantity of all regulated flammabléstance or substances in the
mixture. Non-flammable components should not be included. However, if additional (non-regulated)
flammable substances are present in the mixture,hyawicinclude them in the quantity used in the analysis.

For simplicity, you may carry out the worst-case analysis based on the predongntatede
flammable component of the mixture or a major component of the mixture with the highest heat of
combustion if the whole vapor cloud castsiof flammable substances (see Exhibit C-1, AdieC for data
on heat of combustion). Estimate the consequence distance from Reference Table 13 for the major
component with the highest heat of combustion, assuming that the quantity in the cloud is the total quantity
of the mixture. If you have a mixture in which the heats of combustion of the components do not differ
significantly (e.g., a mixture of hydrocarbons), this method is likely to give reasonable results.

Alternatively, you may estimate the heat of combustion of the mixture from the heats of combustion
of the components of the mixture using the method described in Appendix C, Section C.2, and then use
Equation C-1 or C-2 in Appendix C to determine the vapor cloud explosion distance. This method may be
appropriate if you have a mixture that includes components with significantly different heats of combustion
(e.g., a mixture of hydrogen and hydrocarbons) that make up a significant portion of the mixture.

Examples 17 and 18 illustrate the two methods of analysis. In Example 17, the heat of combustion
of the mixture is estimated, and the distance to the endpoint is calculated from Equation C-2. In Example 18,
the component of the mixture with the highest heat of combustion is assumed to represent the entire mixture,
and the distance to the endpoint is read from Reference Table 13. For the mixture of two hydrocarbons used
in the example, the methods give very similar results.
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Example 17. Estimating Heat of Combustion of Mixture for Vapor Cloud Explosion Analysis
You have a mixture of 8,00pnds of ethylene (the reactant) an@0B, ppunds of isobutane (a catalyst
carrier). To carry out the worst-case analysis, estimate the heat of combustion of the mixture from the hqs of

combustion of the components of the mixture. (Ethylene heat of combustion = 47,145 kilojoules per kilog@am;
isobutane heat of combustion = 45,576). Using Equation C-3, Appendix C:

HC, = [_(8.000/2.2) x 47,145]+ [_(2.000/2.2)x 45,576 ]
(10,000/2.2) (10,000/2.2)

HC,, = (37,716) + (9,115)
HC,, = 46,831 kilojoules per kilogram

Now use the calculated heat of combustion for the mixture in Equation C-2 to calculate the distance to 1 i
overpressure for vapor cloud explosion.

D = 0.0081 x [ 0.1 x 10,000 x (46,831/4,680) |

D =0.2 miles

Example 18. Vapor Cloud Explosion of Flammable Mixture (Ethylene and Isobutane)

You have 10,000quinds of a mixture of ethylene (the reactant) and isobutane (a catalyst carrier). To carigiout
the worst-case analysis, assume the quantity in the cloud is the total quantity of the mixture. Use data f
ethylene because it is the component with the highest heat of combustion. (Ethylene heat of combustio
47,145 kilojoules per kilogram; isobutane heat of combustion = 45,576, from Exhibit C-1, Appendix C). m
Reference Table 13, the distance to 1 psi overpressure is 0.2 miles for 009 qf ethylene; this distance
would also apply to the 10,00@4pnd mixture of ethylene and isobutane.
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Reference Table 1
Neutrally Buoyant Plume Distances to Toxic Endpoint for Release Rate Diled by Endpoint
10-Minute Release, Rural Conditions, F Stability, WindSpeed 1.5 Meters per Second

Release Rate/Endpoint Distance to Release Rate/Endpoint Distance to
[(Ibs/min)/(mg/L)] Endpoint [(Ibs/min)/(mg/L)] Endpoint
(miles) (miles)
0-44 0.1 16,000 - 18,000 4.8
4.4 - 37 0.2 18,000 - 19,000 5.0
37 -97 0.3 19,000 - 21,000 5.2
97 - 180 0.4 21,000 - 23,000 54
180 - 340 0.6 23,000 - 24,000 5.6
340 - 530 0.8 24,000 - 26,000 5.8
530 - 760 1.0 26,000 - 28,000 6.0
760 - 1,000 1.2 28,000 - 29,600 6.2
1,000 - 1,500 1.4 29,600 - 35,600 6.8
1,500 - 1,900 1.6 35,600 - 42,000 7.5
1,900 - 2,400 1.8 42,000 - 48,800 8.1
2,400 - 2,900 2.0 48,800 - 56,000 8.7
2,900 - 3,500 2.2 56,000 - 63,600 9.3
3,500 - 4,400 2.4 63,600 - 71,500 9.9
4,400 - 5,100 2.6 71,500 - 88,500 11
5,100 - 5,900 2.8 88,500 - 107,000 12
5,900 - 6,800 3.0 107,000 - 126,000 14
6,800 - 7,700 3.2 126,000 - 147,000 15
7,700 - 9,000 3.4 147,000 - 169,000 16
9,000 - 10,000 3.6 169,000 - 191,000 17
10,000 - 11,000 3.8 191,000 - 215,000 19
11,000 - 12,000 4.0 215,000 - 279,000 22
12,000 - 14,000 4.2 279,000 - 347,000 25
14,000 - 15,000 4.4 >347,000 >25%
15,000 - 16,000 4.6

*Report distance as 25 miles
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Reference Table 2
Neutrally Buoyant Plume Distances to Toxic Endpoint for Release Rate Diled by Endpoint
60-Minute Release, Rural Conditions, F Stability, WindSpeed 1.5 Meters per Second

Release Rate/Endpoint Distance to Release Rate/Endpoint Distance to
[(Ibs/min)/(mg/L)] Endpoint [(Ibs/min)/(mg/L)] Endpoint
(miles) (miles)
0-55 0.1 7,400 - 7,700 4.8
5.5-46 0.2 7,700 - 8,100 5.0
46 - 120 0.3 8,100 - 8,500 52
120 - 220 0.4 8,500 - 8,900 54
220 - 420 0.6 8,900 - 9,200 5.6
420 - 650 0.8 9,200 - 9,600 5.8
650 - 910 1.0 9,600 - 10,000 6.0
910 - 1,200 1.2 10,000 - 10,400 6.2
1,200 - 1,600 1.4 10,400 - 11,700 6.8
1,600 - 1,900 1.6 11,700 - 13,100 7.5
1,900 - 2,300 1.8 13,100 - 14,500 8.1
2,300 - 2,600 2.0 14,500 - 15,900 8.7
2,600 - 2,900 2.2 15,900 - 17,500 9.3
2,900 - 3,400 2.4 17,500 - 19,100 9.9
3,400 - 3,700 2.6 19,100 - 22,600 11
3,700 - 4,100 2.8 22,600 - 26,300 12
4,100 - 4,400 3.0 26,300 - 30,300 14
4,400 - 4,800 3.2 30,300 - 34,500 15
4,800 - 5,200 3.4 34,500 - 38,900 16
5,200 - 5,600 3.6 38,900 - 43,600 17
5,600 - 5,900 3.8 43,600 - 48,400 19
5,900 - 6,200 4.0 48,400 - 61,500 22
6,200 - 6,700 4.2 61,500 - 75,600 25
6,700 - 7,000 4.4 >75,600 >25*
7,000 - 7,400 4.6

*Report distance as 25 miles
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Reference Table 3
Neutrally Buoyant Plume Distances to Toxic Endpoint for Release Rate Diled by Endpoint
10-minute Release, Urban Conditions, F Stability, Win&Gpeed 1.5 Meters per Second

April 15, 1999

*Report distance as 25 miles

Release Rate/Endpoint Distance to Release Rate/Endpoint Distance to

[(Ibs/min)/(mg/L)] Endpoint [(Ibs/min)/(mg/L)] Endpoint
(miles) (miles)

0-21 0.1 76,000 - 83,000 4.8
21-170 0.2 83,000 - 90,000 5.0
170 - 420 0.3 90,000 - 100,000 5.2
420 - 760 0.4 100,000 - 110,000 54
760 - 1,400 0.6 110,000 - 120,000 5.6
1,400 - 2,100 0.8 120,000 - 130,000 5.8
2,100 - 3,100 1.0 130,000 - 140,000 6.0
3,100 - 4,200 1.2 140,000 - 148,000 6.2
4,200 - 6,100 1.4 148,000 - 183,000 6.8
6,100 - 7,800 1.6 183,000 - 221,000 7.5
7,800 - 9,700 1.8 221,000 - 264,000 8.1
9,700 - 12,000 2.0 264,000 - 310,000 8.7
12,000 - 14,000 2.2 310,000 - 361,000 9.3
14,000 - 18,000 2.4 361,000 - 415,000 9.9
18,000 - 22,000 2.6 415,000 - 535,000 11
22,000 - 25,000 2.8 535,000 - 671,000 12
25,000 - 29,000 3.0 671,000 - 822,000 14
29,000 - 33,000 3.2 822,000 - 990,000 15
33,000 - 39,000 3.4 990,000 - 1,170,000 16
39,000 - 44,000 3.6 1,170,000 - 1,370,00( 17
44,000 - 49,000 3.8 1,370,000 - 1,590,00( 19
49,000 - 55,000 4.0 1,590,000 - 2,190,00( 22
55,000 - 63,000 4.2 2,190,000 - 2,890,00( 25
63,000 - 69,000 4.4 >2,890,000 >25*

69,000 - 76,000 4.6




Reference Table 4
Neutrally Buoyant Plume Distances to Toxic Endpoint for Release Rate Diled by Endpoint
60-Minute Release, Urban Conditions, F Stability, WindSpeed 1.5 Meters per Second

April 15, 1999

Release Rate/Endpoint Distance to Release Rate/Endpoin Distance to

[(Ibs/min)/(mg/L)] Endpoint [(Ibs/min)/(mg/L)] Endpoint
(miles) (miles)

0-26 0.1 34,000 - 36,000 4.8

26 - 210 0.2 36,000 - 38,000 5.0
210 - 530 0.3 38,000 - 41,000 5.2
530 - 940 0.4 41,000 - 43,000 54
940 - 1,700 0.6 43,000 - 45,000 5.6
1,700 - 2,600 0.8 45,000 - 47,000 5.8
2,600 - 3,700 1.0 47,000 - 50,000 6.0
3,700 - 4,800 1.2 50,000 - 52,200 6.2
4,800 - 6,400 1.4 52,200 - 60,200 6.8
6,400 - 7,700 1.6 60,200 - 68,900 7.5
7,700 - 9,100 1.8 68,900 - 78,300 8.1
9,100 - 11,000 2.0 78,300 - 88,400 8.7
11,000 - 12,000 2.2 88,400 - 99,300 9.3
12,000 - 14,000 2.4 99,300 - 111,000 9.9
14,000 - 16,000 2.6 111,000 - 137,000 11
16,000 - 17,000 2.8 137,000 - 165,000 12
17,000 - 19,000 3.0 165,000 - 197,000 14
19,000 - 21,000 3.2 197,000 - 232,000 15
21,000 - 23,000 3.4 232,000 - 271,000 16
23,000 - 24,000 3.6 271,000 - 312,000 17
24,000 - 26,000 3.8 312,000 - 357,000 19
26,000 - 28,000 4.0 357,000 - 483,000 22
28,000 - 30,000 4.2 483,000 - 629,000 25
30,000 - 32,000 4.4 >629,000 >25%

32,000 - 34,000 4.6

*Report distance as 25 miles



Reference Table 5
Dense Gas Distances to Toxic Endpoint
10-minute Release, Rural Conditions, F Stability, Wind Speed 1.5 Meters per Second

Toxic Endpoint (mg/L)
Rslaetzse 0.0004 | 0.0007| 0.001| 0.002| 0.003# 0.00F 0.00|75 0.41 0.4)2 0.4)35 4.05 01075 |O.1 |O.25 | 0.5 0.75
(Ibs/min) Distance (Miles)
1 2.2 1.7 15 1.1 0.8 0.7 0.5 0.5 0.3 0.2 0.2 0.2 0.1 0.1 # #h
2 3.0 24 2.1 1.5 1.1 0.9 0.7 0.7 0.4 0.3 0.3 0.2 0.9 0.1 <011 <(H.1
5 4.8 3.7 3.0 2.2 1.7 15 1.2 1.0 0.7 0.5 0.4 0.3 0.3 0.2 0.t OjL
10 6.8 5.0 4.2 3.0 2.4 2.1 1.7 1.4 1.0 0.7 0.6 0.5 04 0.p 0pR Qg1
30 11 8.7 6.8 52 3.9 3.4 2.8 2.4 1.7 1.3 1.1 0.9 0.9 0.4 0.8 o2
50 14 11 9.3 6.8 5.0 4.2 35 3.0 2.2 1.7 1.4 1.9 0.9 0.6 0.4 03
100 19 15 12 8.7 6.8 5.8 4.8 4.2 29 2.2 1.9 1.4 1.3 0.8 0.p o4
150 24 18 15 11 8.1 6.8 5.7 5.0 3.6 2.7 2.3 1.9 1.4 0.9 0.6 05
250 >25 22 19 14 11 8.7 7.4 6.2 45 3.4 2.8 2.3 2.( 1.2 0.B 0l6
500 * >25 >25 19 14 12 9.9 8.7 6.2 4.7 3.8 3.1 2.7 1.6 1.1 0
750 * * * 23 17 15 12 11 7.4 55 4.5 3.7 3.2 1.9 1.3 1.0
1,000 * * * >25 20 17 14 12 8.1 6.2 5.2 4.2 3.6 2.2 1.4 1.1
1,500 * * * * 24 20 16 14 9.9 7.4 6.2 5.0 4.3 25 1.7 1.3
2,000 * * * * >25 23 19 16 11 8.7 6.8 5.6 4.8 29 1.9 1.5
2,500 * * * * * >25 20 18 12 9.3 8.1 6.2 5.3 3.2 2.1 1.6
3,000 * * * * * * 23 20 14 9.9 8.7 6.8 5.6 3.4 2.2 1.7
4,000 * * * * * * >25 22 16 11 9.3 7.4 6.2 3.8 2.5 2.0
5,000 * * * * * * * 25 17 13 11 8.7 6.8 4.2 2.7 2.1
7,500 * * * * * * * >25 20 15 12 9.9 8.7 49 3.2 25
10,000 * * * * * * * * 24 17 14 11 9.3 5.5 3.6 2.8
15,000 * * * * * * * * >25 20 17 13 11 6.2 4.2 3.2
20,000 * * * * * * * * * 23 19 15 12 7.4 4.7 3.7
50,000 * * * * * * * * * >25 >25 21 18 10 6.6 5.0
75,000 * * * * * * * * * * * >25 21 12 7.6 5.8
100,000 * * * * * * * * * * * * 24 13 8.5 6.4
150,000 * * * * * * * * * * * * >25 15 9.8 7.4
200,000 * * * * * * * * * * * * * 17 11 8.2

* > 25 miles (report distance as 25 miles) # <0.1 mile (report distance as 0.1 mile)



Reference Table 6
Dense Gas Distances to Toxic Endpoint
60-minute Release, Rural Conditions, F Stability, Wind Speed 1.5 Meters per Second

Toxic Endpoint (mg/L)
Rslaetzse 0.0004 | 0.0007| 0.001| 0.002| 0.003# 0.00F 0.00|75 0.41 0.4)2 0.4)35 4.05 01075 |O.1 |O.25 | 0.5 0.75
(Ibs/min) Distance (Miles)
1 3.7 2.7 2.2 1.4 1.0 0.8 0.6 0.5 0.3 0.2 0.2 0.1 0.1 <0j1 # ah
2 5.3 4.0 3.2 2.2 1.6 1.2 1.0 0.8 0.5 0.4 0.3 0.2 0.9 0.1 <011 <(H.1
5 8.7 6.8 5.3 3.7 2.7 2.2 1.7 1.4 0.9 0.6 0.5 04 0.3 0.2 0.t OjL
10 12 9.3 8.1 53 4.0 3.3 2.7 2.2 1.4 1.0 0.8 0.6 0.5 0.8 0.p (0148
30 22 16 14 9.9 7.4 6.1 49 4.1 29 2.1 1.6 1.2 1.4 0.% 0.B o2
50 >25 21 18 12 9.3 8.1 6.2 5.4 3.8 2.7 2.2 1.7 1.4 0.y 0.4 o3
100 * >25 >25 18 13 11 9.3 7.4 5.5 4.0 3.2 2.5 2.1 1.1 0.7 0%
150 * * * 22 17 14 11 9.9 6.8 49 4.0 3.1 2.7 1.4 0.9 0.9
250 * * * >25 22 18 14 12 8.7 6.2 5.2 4.1 3.5 1.9 1.2 0.9
500 * * * * >25 25 20 17 12 9.3 7.4 5.8 5.0 2.9 1.8 1.3
750 * * * * * >25 25 22 15 11 9.3 7.4 6.1 3.5 2.2 1.7
1,000 * * * * * * >25 25 17 12 11 8.1 6.8 4.0 2.6 2.0
1,500 * * * * * * * >25 20 16 12 9.9 8.7 5.0 3.2 25
2,000 * * * * * * * * 24 17 14 11 9.9 5.7 3.7 29
2,500 * * * * * * * * >25 20 16 13 11 6.2 4.2 3.2
3,000 * * * * * * * * * 21 17 14 12 6.8 45 3.5
4,000 * * * * * * * * * 24 20 16 14 8.1 52 4.0
5,000 * * * * * * * * * >25 22 17 15 8.7 5.7 4.4
7,500 * * * * * * * * * * >25 21 18 11 6.8 5.2
10,000 * * * * * * * * * * * 24 20 12 7.4 6.0
15,000 * * * * * * * * * * * >25 24 14 9.3 6.8
20,000 * * * * * * * * * * * * >25 16 9.9 8.1
50,000 * * * * * * * * * * * * * 22 14 11
75,000 * * * * * * * * * * * * * =25 17 13
100,000 * * * * * * * * * * * * * * 18 14
150,000 * * * * * * * * * * * * * * 21 16
200,000 * * * * * * * * * * * * * * 23 18

* > 25 miles (report distance as 25 miles) # <0.1 mile (report distance as 0.1 mile)



Reference Table 7
Dense Gas Distances to Toxic Endpoint
10-minute Release, Urban Conditions, F Stability, Wind Speed 1.5 Meters per Second

Toxic Endpoint (mg/L)
Rslaetzse 0.0004 | 0.0007| 0.001| 0.002| 0.003# 0.00F 0.00|75 0.41 0.4)2 0.4)35 4.05 01075 |O.1 |O.25 | 0.5 0.75
(Ibs/min) Distance (Miles)
1 1.6 1.2 1.1 0.7 0.6 0.4 0.4 0.3 0.2 0.2 0.1 0.1 0.1 # # #
2 2.2 1.7 1.4 1.1 0.8 0.6 0.5 0.4 0.3 0.2 0.2 0.1 0.1 <0j1 # #
5 3.5 2.7 2.2 1.6 1.2 1.0 0.8 0.7 0.5 0.4 0.3 0.2 0.9 0.1 <011
10 49 3.8 3.1 2.2 1.7 14 1.2 1.0 0.7 0.5 0.4 0.3 0.2 0.1 op <Q.1
30 8.1 6.2 5.3 3.7 29 2.4 2.0 1.7 1.2 0.9 0.7] 0.6 04 0.p 0ofL Qg1
50 11 8.1 6.8 4.8 3.7 3.1 25 2.1 1.5 1.1 0.9 0.7 0.4 0.8 0.p (0148
100 15 11 9.3 6.8 5.2 4.2 3.5 3.0 2.1 1.6 1.3 1.d 0. 0.p 0 Q)2
150 19 14 12 8.1 6.1 5.2 4.3 3.6 25 1.9 1.6 1.2 1.1 0.6 04 o2
250 24 18 15 11 8.1 6.8 54 4.6 3.3 24 2.0 1.6 1.4 0.y 0.p 03
500 >25 >25 21 15 11 9.3 7.4 6.2 4.5 3.4 2.8 2.2 1.4 1.1 o 05
750 * * >25 18 14 11 9.3 8.1 5.5 4.1 3.3 2.6 2.2 1.3 0.8 0
1,000 * * * 21 16 13 11 9.3 6.2 4.6 3.8 3.0 2.5 15 0.9 0.7
1,500 * * * >25 19 16 12 11 7.4 5.6 4.6 3.7 3.0 1.7 1.1 0.4
2,000 * * * * 22 18 15 12 8.7 6.2 52 4.1 3.5 2.0 1.3 0.9
2,500 * * * * 24 20 16 14 9.9 6.8 58 4.7 3.8 2.2 1.4 11
3,000 * * * * >25 22 18 16 11 7.4 6.2 5.0 4.2 24 1.6 1.2
4,000 * * * * * 25 20 17 12 8.7 6.8 5.6 4.8 2.7 1.7 1.3
5,000 * * * * * >25 23 20 14 9.9 8.1 6.2 5.3 3.0 1.9 1.4
7,500 * * * * * * >25 24 16 12 9.9 7.4 6.2 3.6 2.3 1.7
10,000 * * * * * * * >25 19 14 11 8.7 7.4 4.1 2.6 2.0
15,000 * * * * * * * * 22 16 13 11 8.7 4.9 3.1 2.3
20,000 * * * * * * * * >25 19 15 12 9.9 5.5 35 2.7
50,000 * * * * * * * * * >25 23 17 15 8.1 5.1 3.8
75,000 * * * * * * * * * * >25 21 17 9.6 6.0 45
100,000 * * * * * * * * * * * 24 20 11 6.8 5.1
150,000 * * * * * * * * * * * >25 23 13 8.1 6.1
200,000 * * * * * * * * * * * * >25 14 8.9 6.7

* > 25 miles (report distance as 25 miles) # <0.1 mile (report distance as 0.1 mile)



Reference Table 8
Dense Gas Distances to Toxic Endpoint

60-minute Release, Urban Conditions, F Stability, Wind Speed 1.5 Meters per Second
Toxic Endpoint (mg/L)
Rg':tzse 0.0004 | o.ooo7| 0.001| 0.002| 0.003# o.ooks 0.00|75 0.41 0.4)2 0.4)35 o|.05 01075 |0.1 |o.25 | 0.5 0.75
(Ibs/min) Distance (Miles)
1 2.6 1.9 15 1.1 0.7 0.6 0.4 0.4 0.2 0.2 0.1 0.1 0.1 # # #
2 3.8 2.9 2.3 15 11 0.9 0.7 0.6 0.4 0.2 0.2 0.1 0.1 <01 # 1
5 6.2 47 3.9 26 1.9 15 1.2 0.9 0.6 0.4 0.3 0.2 0. 01 <01
10 9.3 6.8 5.6 3.9 2.9 2.3 1.8 15 0.9 0.7 0.5 0.4 0. 0.p ofL <fl.1
30 16 12 9.9 7.4 5.3 4.3 3.4 2.9 1.9 1.3 1.0 0.7 0.4 0.3 op olft
50 22 16 14 9.3 6.8 5.7 45 3.8 2.6 1.8 1.4 1.4 0.9 0.4 0p olp
100 >25 24 20 14 9.9 8.1 6.8 5.7 3.8 2.7 2.2 1.7 1.4 0.y op o3
150 * >25 24 17 12 11 8.1 6.8 4.8 35 2.8 2.2 1.8 0.9 0.5 (o3
250 * * >25 22 16 14 11 9.3 6.2 45 3.7 2.9 2.4 1.2 0.7 0.
500 * * * >25 24 19 16 13 9.3 6.8 5.4 4.2 35 1.9 1.1 0.7
750 * * * * >25 24 19 16 11 8.1 6.8 5.2 4.3 2.4 1.4 1.0
1,000 * * * * * >25 22 19 13 9.3 7.4 6.0 5.0 2.8 1.6 1.2
1,500 * * * * * * >25 24 16 12 9.3 7.4 6.2 3.4 21 15
2,000 * * * * * * * >25 19 13 11 8.7 7.4 4.0 25 1.8
2,500 * * * * * * * * 20 15 12 9.3 8.1 4.5 2.8 21
3,000 * * * * * * * * 22 16 13 11 8.7 4.9 3.0 2.2
4,000 * * * * * * * * >25 19 16 12 9.9 5.6 35 2.6
5,000 * * * * * * * * * 21 17 14 11 6.2 4.0 3.0
7,500 * * * * * * * * * >25 20 16 14 7.4 4.8 3.6
10,000 * * * * * * * * * * 24 19 16 8.7 5.5 4.2
15,000 * * * * * * * * * * >25 22 19 11 6.8 5.1
20,000 * * * * * * * * * * * >25 21 12 7.4 5.8
50,000 * * * * * * * * * * * * >25 18 11 8.7
75,000 * x * * x * * x * * x * * 21 13 10
100,000 * * x x * * * x * * x * * 24 15 11
150,000 * * x x * * * x * * x * * 595 18 14
200,000 * * x * * * * x * * x * * x 20 15

* > 25 miles (report distance as 25 miles) # <0.1 mile (report distance as 0.1 mile)



Reference Table 9
Distances to Toxic Endpoint for Anhydrous Ammonia Liquefied Under Pressure
F Stability, Wind Speed 1.5 Meters per Second

Release Rate Distance to Endpoint (miles) Release Ratg Distance to Endpoint (mileg)
(Ibs/min) (Ibs/min)
Rural Urban Rural Urban
1 0.1 <0.1* 1,000 1.8 1.2
2 0.1 0.1 1,500 2.2 15
5 0.1 0.1 2,000 2.6 1.7
10 0.2 0.1 2,500 2.9 1.9
15 0.2 0.2 3,000 3.1 2.0
20 0.3 0.2 4,000 3.6 2.3
30 0.3 0.2 5,000 4.0 2.6
40 04 0.3 6,000 4.4 2.8
50 0.4 0.3 7,000 4.7 3.1
60 0.5 0.3 7,500 4.9 3.2
70 0.5 0.3 8,000 51 3.3
80 0.5 0.4 9,000 54 34
90 0.6 0.4 10,000 5.6 3.6
100 0.6 0.4 15,000 6.9 4.4
150 0.7 0.5 20,000 8.0 5.0
200 0.8 0.6 25,000 8.9 5.6
250 0.9 0.6 30,000 9.7 6.1
300 1.0 0.7 40,000 11 7.0
400 1.2 0.8 50,000 12 7.8
500 1.3 0.9 75,000 15 9.5
600 1.4 0.9 100,000 18 10
700 15 1.0 150,000 22 13
750 1.6 1.0 200,000 *x 15
800 1.6 1.1 250,000 *x 17
900 1.7 1.2 750,000 ** **
*Report distance as 0.1 mile ** More than 25 miles (report distance as 25 miles)
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Reference Table 10
Distances to Toxic Endpoint for Non-liquefied Ammonia, Ammonia Liquefied by Refrigeration, or
Aqueous Ammonia
F Stability, Wind Speed 1.5 Meters per Second

Release Rate Distance to Endpoint (miles) Release Ratle Distance to Endpoint (mileg)
(Ibs/min) (Ibs/min)
Rural Urban Rural Urban
1 0.1 1,000 1.6 0.6
<0.1*

2 0.1 1,500 2.0 0.7

5 0.1 2,000 2.2 0.8
10 0.2 0.1 2,500 2.5 0.9
15 0.2 0.1 3,000 2.7 1.0
20 0.3 0.1 4,000 3.1 11
30 0.3 0.1 5,000 3.4 1.2
40 0.4 0.1 6,000 3.7 1.3
50 04 0.1 7,000 4.0 1.4
60 04 0.2 7,500 4.1 1.5
70 0.5 0.2 8,000 4.2 1.5
80 0.5 0.2 9,000 4.5 1.6
90 0.5 0.2 10,000 4.7 1.7
100 0.6 0.2 15,000 5.6 2.0
150 0.7 0.2 20,000 6.5 24
200 0.8 0.3 25,000 7.2 2.6
250 0.8 0.3 30,000 7.8 2.8
300 0.9 0.3 40,000 8.9 3.3
400 11 0.4 50,000 9.8 3.6
500 1.2 04 75,000 12 4.4
600 1.3 0.4 100,000 14 5.0
700 1.4 0.5 150,000 16 6.1
750 1.4 0.5 200,000 19 7.0
800 1.5 0.5 250,000 21 7.8
900 1.5 0.6 750,000 ** 13

*Report distance as 0.1 mile ** More than 25 miles (report distance as 25 miles)
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Reference Table 11
Distances to Toxic Endpoint for Chlorine
F Stability, Wind Speed 1.5 Meters per Second

Release Rate Distance to Endpoint (miles) Release RaJe Distance to Endpoint (mileg
(Ibs/min) (Ibs/min)
Rural Urban Rural Urban

1 0.2 0.1 750 5.8 2.6

2 0.3 0.1 800 5.9 2.7

5 0.5 0.2 900 6.3 2.9
10 0.7 0.3 1,000 6.6 3.0
15 0.8 0.4 1,500 8.1 3.8
20 1.0 0.4 2,000 9.3 4.4
30 1.2 0.5 2,500 10 4.9
40 14 0.6 3,000 11 54
50 15 0.6 4,000 13 6.2
60 1.7 0.7 5,000 14 7.0
70 1.8 0.8 6,000 16 7.6
80 1.9 0.8 7,000 17 8.3
90 2.0 0.9 7,500 18 8.6
100 2.2 0.9 8,000 18 8.9
150 2.6 1.2 9,000 19 94
200 3.0 1.3 10,000 20 9.9
250 34 15 15,000 25 12
300 3.7 1.6 20,000 * 14
400 4.2 19 25,000 * 16
500 4.7 21 30,000 * 18
600 52 2.3 40,000 * 20
700 5.6 2.5 50,000 * *

* More than 25 miles (report distance as 25 miles)
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Reference Table 12
Distances to Toxic Endpoint for Anhydrous Sulfur Dioxide
F Stability, Wind Speed 1.5 Meters per Second

Release Rate Distance to Endpoint (miles) Release Ratg Distance to Endpoint (mileg)
(Ibs/min) (Ibs/min)
Rural Urban Rural Urban

1 0.2 0.1 750 6.6 2.6

2 0.2 0.1 800 6.8 2.7

5 04 0.2 900 7.2 2.9
10 0.6 0.2 1,000 7.7 3.1
15 0.7 0.3 1,500 9.6 3.8
20 0.9 0.4 2,000 11 4.5
30 1.1 0.5 2,500 13 5.0
40 1.3 0.5 3,000 14 5.6
50 14 0.6 4,000 17 6.5
60 1.6 0.7 5,000 19 7.3
70 1.8 0.7 6,000 21 8.1
80 1.9 0.8 7,000 23 8.8
90 2.0 0.8 7,500 24 9.1
100 21 0.9 8,000 25 9.5
150 2.7 1.1 9,000 * 10
200 3.1 1.3 10,000 * 11
250 3.6 14 15,000 * 13
300 3.9 1.6 20,000 * 16
400 4.6 19 25,000 * 18
500 5.2 21 30,000 * 19
600 5.8 2.3 40,000 * 23
700 6.3 2.5 50,000 * *

* More than 25 miles (report distance as 25 miles)
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Reference Table 13
Distance to Overpressure of 1.0 psi for Vapor Cloud Explosions 600 - 2,000,000 Pounds of Regtal Flammable Substances
Based on TNT Equivalent Method, 10 Percent Yield Factor

uantity in Cloud (pounds) 500 2,000 5,000 10,000 20,004 50,000 100,000 200,000 500,000 1,000,040 2,000,0[L0
CAS No. Chemical Name Distance (Miles) to fisi Overpressure
75-07-0 | Acetaldehyde 0.05 0.08 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.7 0.9
74-86-2 | Acetylene 0.07 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.7 0.8 1.0
598-73-2 [ Bromotrifluoroethylene 0.02 0.04 0.05 0.06 0.08 0.1 0.] 0.2 0.4 0.8 0.
106-99-0 | 1,3-Butadiene 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.9 1.4
106-97-8 | Butane 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.8 1.0
25167-67-3| Butene 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.8 1.0
590-18-1 [ 2-Butene-cis 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.8 1.4
624-64-6 | 2-Butene-trans 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.9 0.6 0.§ 1.0)
106-98-9 | 1-Butene 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.8 1.0
107-01-7 | 2-Butene 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.8 1.0
463-58-1 | Cdon oxysulfide 0.04 0.06 0.08 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6
7791-21-1 | Chlorine wnoxide 0.02 0.03 0.04 0.05 0.06 0.08 0.1 0.1 0.2 0.2 0.3
590-21-6 [ 1-Chlorompylene 0.05 0.08 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.8
557-98-2 [ 2-Chlorompylene 0.05 0.08 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.8
460-19-5| Cyaogen 0.05 0.08 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.8
75-19-4 | Cyclopropane 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.8 1.
4109-96-0 | Dichlorosilane 0.04 0.06 0.08 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6
75-37-6 | Difluoroethane 0.04 0.06 0.09 0.1 0.1 0.2 0.2 0.3 0.4 0.9 0.6
124-40-3 | Dimethylamine 0.06 0.09 0.1 0.2 0.2 0.3 0.3 0.4 0.6 0.7] 0.9
463-82-1 | 2,2-Dimethylpropane 0.06 0.1 0.1 0.2 0.2 0.3 04 0.5 0.6 0 1.4
74-84-0 | Ethane 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.8 1.0
107-00-6 | Ethyl acetylene 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.9 1.4
75-04-7 | Ethylamine 0.06 0.09 0.1 0.2 0.2 0.3 0.3 0.4 0.6 0.7 0.9
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Reference Table 13 (continued)

uantity in Cloud (pounds) 500 2,000 5,000 10,000 20,004 50,000 100,000 200,000 500,000 1,000,040 2,000,0[L0
CAS No. Chemical Name Distance (Miles) to fisi Overpressure
75-00-3 | Ethyl chloride 0.05 0.08 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.8
74-85-1 | Ethylene 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.7 0.8 1.0
60-29-7 | Ethyl ether 0.06 0.09 0.1 0.2 0.2 0.3 0.3 0.4 0.6 0.7 0.9
75-08-1 | Ethyl mercaptan 0.05 0.09 0.1 0.2 0.2 0.2 0.3 0.4 0.9 0.1 0.9
109-95-5 | Ethyl nitrite 0.05 0.07 0.1 0.1 0.2 0.2 0.3 0.3 0.5 0.6 0.7
1333-74-0 | Hydrogen 0.09 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.9 1.1 1.4
75-28-5 | Isobutane 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.8 1.0
78-78-4 | Isopentane 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.9 1.G
78-79-5 | Isoprene 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.8] 1.0
75-31-0 | Isopropylamine 0.06 0.09 0.1 0.2 0.2 0.3 0.3 0.4 0.6 0.7 0.9
75-29-6 | Isopropyl chloride 0.05 0.08 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.9
74-82-8 | Methane 0.07 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.7 0.8 1.0
74-89-5 | Methylamine 0.06 0.09 0.1 0.2 0.2 0.3 0.3 0.4 0.6 0.7 0.9
563-45-1 [ 3-Methyl-1-butene 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.9 1.G
563-46-2 [ 2-Methyl-1-butene 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.9 1.G
115-10-6 | Methyl ether 0.05 0.09 0.1 0.1 0.2 0.3 0.3 0.4 0.5 0.7] 0.9
107-31-3 | Methyl formate 0.04 0.07 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.6 0.7
115-11-7 | 2-Methylpropene 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.9 1.G
504-60-9 [ 1,3-Pentadiene 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.9 0.4 0.8 1.
109-66-0 [ Pentane 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.9 1.G
109-67-1 | 1-Pentene 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.9 1.Q)
646-04-8 [ 2-Pentene, (E)- 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0. 1.
627-20-3 [ 2-Pentene, (2)- 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.9 0.6 0. 1.4
463-49-0 | Propadiene 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.9 0.9 1.(”
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Reference Table 13 (continued)

uantity in Cloud (pounds) 500 2,000 5,000 10,000 20,004 50,000 100,000 200,000 500,000 1,000,040 2,000,0LLO
CAS No. Chemical Name Distance (Miles) to fisi Overpressure
74-98-6 | Propane 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.8 1.0
115-07-1 | Popylene 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.8 1.0
74-99-7 | Propyne 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.8 1.0
7803-62-5 | Silane 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.8 1.0
116-14-3 | Tetrafluoroethylene 0.02 0.03 0.04 0.05 0.07 0.09 0. 0.1 0.2 0.p 08
75-76-3 | Tetramethylsilane 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.4 0.9 1.0y
10025-78-2 [ Trichlorosilane 0.03 0.04 0.06 0.08 0.1 0.1 0.2 0.2 0.3 0.4 0.4
79-38-9 | Trifluorochloroethylene 0.02 0.03 0.05 0.06 0.07] 0.1 0.1 0.2 0.9 0. 0.
75-50-3 | Trimethylamine 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.6 0.8 1.0
689-97-4 [ Vinyl acetylene 0.06 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.8 1.0
75-01-4 | Vinyl chloride 0.05 0.08 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.8
109-92-2 | Vinyl ethyl ether 0.06 0.09 0.1 0.2 0.2 0.3 0.3 0.4 0.6 0.7 0.9
75-02-5 | Vinyl fluoride 0.02 0.04 0.05 0.06 0.08 0.1 0.1 0.2 0.2 0.3 0.4
75-35-4 | Vinylidene chloride 0.04 0.06 0.08 0.1 0.1 0.2 0.2 0.3 0.4 0.9 0.6
75-38-7 | Vinylidene fluoride 0.04 0.06 0.09 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.6
107-25-5 | Vinyl methyl ether 0.06 0.09 0.1 0.2 0.2 0.3 0.3 0.4 0.6 0.7] 0.9
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6 DETERMINING ALTERNATIVE RELEASE SCENARIOS

In Chapter 6
. Considerations for alternative release scenarios for regulated substances in
Program 2 or Program 3 processes.
. Potential alternative scenarios for releases of flammable substances.

You are required to analyze at least one alternative release scenario for each listestadceu
you have in a Program 2 or Program 3 process above its threshold quantity. You also are required to analyze
one alternative release scenario for flammable substances in Program 2 or 3 processes as a class (i.e., you
analyze one scenario involving a flammablbestance as a representative scenario for all theated
flammable substances you have on site in Program 2 or Program 3 procéssea®).not need to analyze an
alternative scenario for each flammable substance. For example, if you have five listed substdmées,— c
ammonia, hydrogen chloride, propane, and acetylene — above the threshold in Program 2 or 3 processes, you
will need to analyze one alternative scenario each for chlorine, ammonia, and hydrogen chloride and a single
alternative scenario to cover propane and acetylene (listed flammable substances). Even if you have a
substance above the thnetd in several processes or locations, you need only analyze one alternative
scenario for it.

According to the rule (4CFR 68.28), alternative scenarid®ald be more likely to occur than the
worst-case scenario and should reach an endpoint offsite, unless no such scetmriReldase scenarios
considered should include, but are not limited to, the following:

. Transfer hose releases due to splits or sudden hose uncoupling;

. Process piping releases from failures at flanges, joints, welds, valves and valve seals, and
drains or bleeds;

. Process vessel or pump releases due to cracks, seal failure, or drain, bleed, or plug failure;

. Vessel overfilling and spill, or overpressurization and venting through relief valves or
rupture disks; and

. Shipping container mishandling or puncturing leading to a spill.

Alternative release scenarios for toxic substankesld be those that lead to concentrations above
the toxic endpoint beyond your fenceline. Scenarios for flammab#tancestsould have the potential to
cause substantial damage lilnling on-site damage. Those releases that have the potential to reach the
public are of the greatest concern. You should consider unusual situations, such as start-up and shut-down, in
selecting an appropriate alternative scenario.

For alternative release scenarios, you are allowed to consider active mitigation systems, such as
interlocks, shutdown systems, pressure relieving devices, femesgency isolan systems, and fire water
and deluge systems, as well as passive mitigation systems, as described in Sections 3.1.2 and 3.2.3.

For alternative release scenarios for regulatedtamces used in anomia refrigeration, chemical
distribution, propane distribution, warehouses, or POTWSs, consult EPA's riskensrdgrogranguidance
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Chapter 6

Determining Alternative Release Scenarios

documents for these industry sectors.

You have a number of options for selecting release scenarios for toxic or flamniesbéanses.

You may use your worst-case release scenario and apply your active mitigation system to
limit the quantity released and the duration of the release.

You may use information from your proceseirds analysis, if you haverducted one, to
select a scenario.

You may review your accident history and choose an actual event as the basis of your
scenario.

If you have not conducted a proceszdrds analysis, you may review your ogderat and
identify possible events and failures.

Whichever approach you select, the key information you need to define is the quantity to be released
and the time over which it will be released; together, these allow you to estimate the release rate and use
essentially the same methods you used for the worst-case analysis.

For flammable substances , thwice of alternative release scenarios is somewhat more complicated
than for toxic substances, because the consequences of a release anaitecédmcern may vary. For
the flammable worst case, the consequence of concern is a vapor cloud explosion, with an overpressure
endpoint. For alternative scenarios (e.g., fires), other endpoints (e.g., heat radiation) may need to be

considered.

Possible scenarios involving flammabldstances inade:

April 15, 1999

Vapor cloud fires (flash fires) may result from dispersion of a cloud of flammable vapor and
ignition of the cloud following dispersion. Such a fire could flash back and could represent a
severe heat radiatiorabard to anyone in the area of theud. This guidance provides

methods to estimate distances to a concentration equal to the lower flammability limit (LFL)
for this type of fire. (See Sections 9.1, 9.2, and 10.1))

A pool fire, with potential radiant heat effects, may result from a spill of a flammable liquid.
This guidance provides a simple method for estimating the distance from a pool fire to a
radiant heat level that could cause second degree burns from a 40-second exposure. (See
Section 10.2).

A boiling liquid, expanding vapor explosion (BLEVE), leading to a fireball that may

produce intense heat, may occur if a vessel containing flammable material ruptures
explosively as a result of exposure to fire. Heat radiation from the fireball is the primary
hazard; vessel fragments and overpressure from the sxpliso can result. BLEVES are
generally considered unlikely ewsnhowever, if youhink a BLEVE is possible at your site,

this guidance provides a method to estimate the distance at which radiant heat effects might
lead to second degree burns. (See Section 10.3.) You also may want to consider models or
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Chapter 6
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calculation methods to estimate effects of veagimentaibn. (See Appendix A for
references that may provide useful information for estimating such effects.)

For a vapor cloud explosion to occur, rapid release of a large quantity, turbulent conditions
(caused by a turbulent release or congested conditions in the area of the release, or both), and
other factors are generally necessary. Vapor cloud explosions generally are considered
unlikely events; however, if onditions at your site are conducive to vapor cloud explosions,

you may want to consider a vapor cloud explosion as an alternative scenario. This guidance
provides methods you may use to estimate the distance to 1 psi overpressure for a vapor
cloud detonation, based on less conservative assumptions than the worst-case analysis. (See
Section 10.4.) A vapor cloud deflagration, involving lower flame speeds than a detonation

and resulting in less damaging blast effects, is more likely than a detonation. This guidance
does not provide methods for estimating the effects of a deflagration, but you may use other
methods of analysis if you want to consider such events. (See Appendix A for references

that may provide useful information.)

A jet fire may result from the puncture or rupture of a tank or pipeline containing a
compressed or liquefied gas under pressure. The gas discharging from the hole can form a
jet that "blows" into the air in the direction of the hole; the jet then may ignite. Jet fires
could contribute to BLEVESs and fireballs if they impinge on tanks of flammabkances.

A large horizontal jet fire may have the potential to pose an offsite hazardguldesmce

does not include a method for estimating consequence distances for jet fires. If you want to
consider a jet fire as an alternative scenario, you should consider other models or methods
for the consequence analysis. (See Appendix A for references that may provide useful
information.)

If you carry out an alternative scenario analysis for a flammable mixture (i.e., a mixturesgtat
the criteria for NFPA 4), you need to consider all flammable components of the mixture, not just the regulated
flammable substance or substances in the mixture (séerS&@ on flammable mixtures). If the mixture
contains both flammable and non-flammable components, the analysis shadddokeatt considarg only
the flammable components.

Chapter 7 provides detailed information on calculating release rates for alternative release scenarios
for toxic substances. If you can estimate release rates for the toxic gasesidagiig have on site based
on readily available information, you may skip Chapter 7 and go to Chapter 8. Chapter 8 describes how to
estimate distances to the toxic endpoint for alternative scenarios for tbxtasces. Chapters Qopides
information on calculation release rates for flammablssances. Chapter 10 describes how to estimate
distances to flammable endpoints.
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7 ESTIMATION OF RELEASE RATES FOR ALTERNATIVE

SCENARIOS FOR TOXIC SUBSTANCES

For the alternative scenario analysis, you may use typical meteorological conditions and typical
ambient temperature and humidity for your site. This guidance assumes D atmospheric stability and wind

speed of 3.0 meters per second (6.7 miles per hour) as conditions likely to be applicable to many sites.

7.1 Release Rates for Toxic Gases

In Section 7.1
. 7.1.1 Methods for unmitigated releases of toxic gases, including:

-- Release of toxic gas from a hole in a tank or pipe (for choked flow
conditions, or maximum flow rate),

-- Release of toxic gas from a pipe, based on the flow rate through the
pipe, or based on a hole in the pipe (using the same method as for a
hole in a tank),

-- Puff releases (no method is provided; users are directed to use other
methods),

-- Gases liquefied under pressure, including gaseous releases from{holes
above the liquid level in the tank and releases from holes in the liquid
space, and

-- Consideration of duration of releases of toxic gas.

. 7.1.2 Methods for adjusting the estimated release rate to account for actiye or
passive mitigation, including:

-- Active mitigation to reduce the release duration (e.g., automatic
shutoff valves),

-- Active mitigation to reduce the release rate to air, and

-- Passive mitigation (using the same method as for worst-case
scenarios).

7.1.1 Unmitigated Releases of Toxic Gases
Gaseous Releases

Gaseous Release from Tarlkstead of assuming release of the entire contents of a vessel containing
a toxic gas, you may decide to consider a more likely scenario as developed by the prazdssanalysis,
such as release from a hole in a vessel or pipe. To estimate a hole size you might assume, for example, the
hole size that would result from shearing off a valve or pipe from a vessel containing a regblsteattsu
If you have a gas leak from a tank, you may use the following simplified equation to estimate a release rate
based on hole size, tank pressure, and the properties of the gas. This equation applies to choked flow, or
maximum gas flow rate. Choked flow generally would be expected for gases under pressure. (See Appendix
D, Section D.6 for the derivation of this equation.)
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where: QR

GF

_ 1
QR = HA x P, x — x GF (7-1)

/T

Release rate (pounds per minute)

Hole or puncture area (square inch@m hazard evaluan or best
estimate)

Tank pressure (pounds per square inch absolus)ggom process
information; for liquefied gases, equilibrium vapor pressure 4t 25 Cis
included in Exhibit B-1, Appendix B)

Tank temperature (K), where K is absolute temperature in kelvirfs; 25 C
(77°F) is 298 K

Gas Factor, incorporating discharge coefficient, ratio of specific heats,
molecular weight, and conversion factors (listed for each regulated toxic gas
in Exhibit B-1, Appendix B)

You can estimate the hole area from the size and shape of the hole. For a circular hole, you would
use the formula for the area of a circle (area%wherer is 3.14 and r is the radius of the circle; the radius

is half the diameter).

This equation will give an estimate of the initial release rate. It will overestimate the overall release
rate, because it does not take into account the decrease in the release rate as the pressure in the tank decreases.
You may use a computer model or another calculation method if you want a more realistic estimate of the
release rate. As discussed below, you may use this equation for releases of gases liquefied under pressure if
the release would be primarily gas (e.g., if the hole is in the head space of the tank, well above the liquid

level).

Example 19. Release of Toxic Gas from Tank (Diborane)

You have a tank that contains diborane gas at a pressure of 30 psia. The temperature of the tank anjilits
contents is 298 K (25C). A valve on the side of the tank shears off, leaving a circular hole 2 %2 inches
diameter in the tank wall. You estimate the area from the formula for area of amifclehere r is the

radius). The radius of the hole is 1 1/4 inches, so the area {& 1/4F, or 5 square inches. From Exhibit
B-1, the Gas Factor for diborane is 17. Therefore, the release rate, from Equation 7-1, is:

QR =5x30 x 1/(298) x 17 = 14&pnds per minute

Gaseous Release from Pipéshearing of a pipe may be an alternative scenario for a toxic gas at

your site, you could use the usual flow rate through the pipe as the release rareyamat the estimain of
distance as discussed in Chapter 8.
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If you want to consider a release of toxic gas through a hole in a pipe as an alternative scenario, you
may use the method described above for a gas release from a hole in a tank. This method neglects the effects
of friction along the pipe and, therefore, provides a conservative estimate of the release rate.

Puff Releaseslf a gaseous release from a hole in a tank or pipe is likely to be stopped very quickly
(e.g., by a block valve), resulting in a puff of toxic gas that forms a vapor cloud rather than a plume, you may
want to consider other methods for determining a consequence distance. A cloud of toxic gas resulting from a
puff release will not exhibit the same behavior as a plume resulting from a longer release (e.g., a release over
10 minutes).

Liquefied Gases
Gases Liquefied Under Pressuf®ases liquefied under pressure may be released as gases, liquids,

or a combination (two-phase), depending on a number of factors, including liquid level and the location of the
hole relative to the liquid level. The resulting impact distances can vary greatly.

For releases from holes above the liquid level in a tank of gas liquefied under pressure, the release
could be primarily gas, or the release may involve rapid vaporizatiofraxfian of the liquefied gas and
possibly aerosolization (two-phase release). It is complex to determine which type of release (i.e., gas, two-
phase) will occur and the likely mix of gases and liquids in a two-phase release. The methods presented in
this guidance do not definitively address this situation. As a rule of thumb, if the head space is large and the
distance between the hole and the liquid level is relatively large given the height of the tank or vessel, you
could assume the release is gaseous and, therefore, use Equation 7-1 above. (Exhibit B-1, Appendix B,
includes the equilibrium vapor pressure in psia for listed toxic gases liquefied under pressfire at 25 C; this
pressure can be used in Equation 7-1.) However, use of this equation will not be conservative if the head
space is small and the release from the hole is two-phased. In situations where you are unsure of whether the
release would be gaseous or two-phase, you may want to consider other models or methgdsutoac
consequence analysis.

For a hole in the liquid space of a tank, you may use Equation 7-2 below to estimate the release rate.
Exhibit B-1 in Appendix B gives the equilibrium vapor pressure in psia for listed toxic gases@at 25 C; this
is the pressure required to liquefy the gas at this temperature. You can estimate the gauge pressure in the
tank from the equilibrium vapor pressure by subtracting the pressure of the ambient atmosphere (14.7 psi).
Exhibit B-1 also gives the Density Factor (DF) for each toxic gas at its boiling point. This factor can be used
to estimate the density of the liquefied gas (the density &t 25 C would not be significantly different from the
density at the boiling point for most of the listed gases). The equation to estimate the release rate is (see
Appendix D, Section D.7.1, for more information):

T LH - 22 x P (7-2)
DF

QR = HA x 6.82J
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where: QR = Release rate (pounds per minute)

HA = Hole or puncture area (square inch@m hazard evaluan or best
estimate)

DF = Density Factor (listed for each regulated toxic gas in Exhibit B-1, Appendix
B; 1/(DF x 0.033) is density inqunds per cubic foot)

LH = Height of liquid column above hole (inchéBpm hazard evaluain or best
estimate)

Py = Gauge pressure of the tank pressure (pounds per square inch gauge (psig),

from vapor pressure of gas (listed in Exhibit B-1, Appendix B) minus
atmospheric pressure (14.7 psi)

This equation gives the rate of release of liquid through the hole. For a gas liquefied under pressure, assume
that the released liquid willimediately flash into vapor (or a vapor/aerosol mixture) and the release rate to

air is the same as the liquid release rate. This equation gives an estimate of the initial release rate. It will
overestimate the overall release rate, because it does not take into account the decrease in the release rate as
the pressure in the tank and the height of the liquid in the tank decrease. You may use a computer model or
another calculation method if you want a more realistic estimate of the release rate.

For a release from a broken pipe of a gas liquefied under pressure, see equations 7-4 to 7-6 below for
liquid releases from pipes. Assume the released liquid flashes into vapor upon release and use the calculated
release rate as the release rate to air.

Gases Liquefied by Refrigeratioiisases liquefied by refrigeration alone may be treated as liquids.
You may use the methods described in Section 7.2 for estimation of release rates.

Duration of Release

The duration of the release is used in choosing the appropriate generic reference table of distances, as
discussed in Chapter 8. (You do not need to consider the duration of the release to use the chemical-specific
reference tables.) You may calculate the maximum duration by dividing the quantity in the tank or the
guantity that may be released from pipes by your calculated release rate. You may use 60 minutes as a
default value for maximum release duration. If you know, and dastantiate, hovong it is likely to take
to stop the release, you may use that time as the release duration.

7.1.2 Mitigated Releases of Toxic Gases

For gases, passive mitigation may include enclosed spaces, as discussed in Section 3.1.2. Active
mitigation for gases, which may be considered in analyzing alternative release scenarios, may include an
assortment of techniques including automatic shutoff valves, rapid transfer systargeficy daventory),
and water/chemical sprays. These mitigation techniques have the effect of reducing either the release rate or
the duration of the release, or both.
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Active Mitigation

Active Mitigation to Reduce Release Duratiofin example of a mitigation technique to reduce the
release duration is automatic shutoff valves. If you have an estimate of the rate at which the gas will be
released and the time it will take to shut off the release, you may estimate the quantity potentially released
(release rate times time). You must be able bstsuntiate the time itilWtake to shut off the release. If the
release will take place over a period of 10 minutes or more, you may use the release rate to estimate the
distance to the toxic endpoint, as discussed in Chapter 8. For releases stopped in less than 10 minutes,
multiply the initial release rate by the duration of release to estimate the quantity released, then divide the new
guantity by 10 minutes to estimate a mitigated release rate that you may apply to the reference tables
described in Chapter 8 to estimate the consequence distance. If the release would be stopped very quickly,
you might want to consider other methods that will estimate consequence distances for a puff release.

Active Mitigation to Directly Reduce Release Rate ta Aiixamples of mitigation techniques to
directly reduce the release rate include scrubbers and flares. Use test data, manufacturer design
specifications, or past experience to determinérémional reduction of the release rate by the mitigation
technique. Apply thiraction to the release rate that would have occurred without the mitigation technique.
The initial release rate, without mitigation, may be the release rate for the alternative scenario (e.g., a release
rate estimated from the equations presented earlier in this section) or the worst-case release rate. The
mitigated release rate is:

QR; = (1 - FR) x QR (7-3)
where: QR, = Reduced release rate (pounds per minute)
FR = Fractonal reduction resulting from mitigation
QR = Release rate without mitigation (pounds per minute)

Example 20. Water Spray Mitigation (Hydrogen Fluoride)

A bleeder valve on a hydrogen fluoride (HF) tank opens, releasingdd®@® per minute of HF. Water spray:
are applied almost immediately. Experimental field and laboratory test data indicate that HF vapors couljibe
reduced by 90 percent. The reduced release rate is:

QR =(1-0.9) x (660 @unds per minute)
= 66 pounds per minute

In estimating the consequence distance for this release scenario, you would need to consider the releas@oth
before and after application of the water spray and determine which gives the greatest distance to the erjboint.
You need to be able to substantiate the time needed to begin the water spray mitigation.
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Passive Mitigation

The same simplified method used for worst-case releases may be used for alternative release
scenarios to estimate the release rate to the outside air from a release in an enclosed space. For alternative
scenarios, you may use a modified release quantity, if appropriate. You may also adjust the mitigation factor
to account for the effects of ventilation, if appropriate for the alternative scenario you have chosen. Use the
equations presented in Section 3.1.2 to estimate the release rate to the outside air.

Duration of Release
You should estimate the duration of the release either from your knowledge of the length of time it
may take to stop the release (be prepared to substantiate your time estimat®yidimgythe quantity that

may be released by your estimated release rate. (You do not need to consider the release duration to use the
chemical-specific reference tables of distances.)

7.2  Release Rates for Toxic Liquids

In Section 7.2

. 7.2.1 Methods for estimating the liquid release rate and quantity released for
toxic liquids released without mitigation, including:

-- Release of toxic liquid from a hole in a tank under atmospheric
pressure (including toxic gases liquefied by refrigeration alone),

-- Release of toxic liquid from a hole in the liquid space of a pressurized
tank (the user is referred to equations provided in the section on tpxic
gases or in the technical appendix), and

-- Release of toxic liquid from a broken pipe.

. 7.2.2 Methods for estimating the liquid release rate and quantity released for
toxic liquids released with mitigation measures that reduce the duration offthe
liquid release or the quantity of liquid released (e.g., automatic shutoff valves),

. 7.2.3 Methods for estimating the evaporation rate of toxic liquids from pod
accounting for:

S,

-- Ambient temperature,

-- Elevated temperature,

-- Diked areas,

-- Releases into buildings,

-- Active mitigation to reduce the evaporation rate of the liquid,
-- Temperatures between 25 C and50 C, and

-- Duration of the release.

. 7.2.4 Methods for estimating the evaporation rate for common water solutions
of regulated toxic substances and for oleum.
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This section describes methods for estimating liquid release rates from tanks and pipes. The released
liquid is assumed to form a pool, and the evaporation rate from the pool is estimated as for the worst-case
scenario. For the alternative scenario, you may assume the average wind speed in your area in the calculation
of evaporation rate, instead of the worst-case wind speed of 1.5 meters per second (3.4 miles per hour). For
the reference tables in this guidance, the wind speed for alternative scenarios is assumed to be 3.0 meters per
second (6.7 miles per hour).

If you have sufficient information to estimate the quantity of liquid that might be released to an
undiked area under an alternative scenario, you may go directly to Section 7.2.3 to estimate the evaporation
rate from the pool and the release duration. After you have estimated the evaporation rate and release
duration, go to Chapter 8 for instructions on estimating distance to the toxic endpoint.

7.2.1 Liquid Release Rate and Quantity Released for Unmitigated Releases
Release from Tank
Tank under Atmospheric Pressuféyou have a liquid stored in a tank at atmospheric pressure
(including gases liquefied by refrigeration alone), you may use the following simple equation to estimate the

liquid release rate from a hole in the tank below the liquid level. (See Appendix D, Section D.7.1, for the
derivation of this equation.)

QR = HA x J/LH x LLF (7-4)
where: QR = Liquid release rate (pounds per minute)
HA = Hole or puncture area (square inch@m hazard evaluan or best
estimate)
LH = Height of liquid column above hole (inchéBpm hazard evaluatn or best
estimate)
LLF = Liquid Leak Factor incorporating discharge coefficient and liquid density

(listed for each toxic liquid in Exhibit B-2, Appendix B).

Remember that this eqimt only applies to liquids in tanks under atmospheric pressure. This
equation will give an overestimate of the release rate, because it does not take into account the decrease in the
release rate as the height of the liquid above the hole decreases. You may use a computer model or another
calculation method if you want a more realistic estimate of the liquid release rate.

You may estimate the quantity that might be released by multiplying the liquid release rate from the
above equation by the time (in minutes) that likely would be needed to stop the release. You should be able
to substantiate the time needed to stop the release. Alternatively, you may assume theordtbasmw
when the level of liquid in the tank drops to the level of the hole. You may estimate the quantity of liquid
above that level in the tank from the dimensions of the tank, the liquid level at the start of the leak, and the
level of the hole. Assume the estimated quantity is released into a pool and use the method and equations in
Section 7.2.3 below to determine the evaporation rate of the liquid from the pool and the duration of the
release. As discussed in Section 7.2.3, if you find that your estimated evaporation rate is greater than
estimated liquid release rate, you should use the liquid release rate as the release rate to air.
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Example 21. Liquid Release from Atmospheric Tank (Allyl Alcohol)

You have a tank that contains 20,0@upds of allyl alcohol at ambient temperature and pressure. A valve

the side of the tank shears, leaving a hole in the tank wall 5 square inches in area. The liquid column is
inches above the hole in the tank. From Exhibit B-2, the Liquid Leak Factor for allyl alcohol is 41. Thereje,
from Equation 7-4, the liquid release rate is:

QR =5 x(23f x 41 =983qunds per minute

It takes 10 minutes to stop the release, so 10 minutes xc@@B8lpper minute = 830 pounds of allyl alcohol
released.

Pressurized Tanklf you have a liquid stored in a tank under pressure, you may estimate a release
rate for liquid from a hole in the liquid space of the tank using the equation presented above for gases
liquefied under pressure (Equation 7-2 in Section 7.1.1) or the equations in Appendix D, Section D.7.1.

Release from Pipe

If you have a liquid flowing through a pipe at approximately atmospheric pressure, and the pipeline
remains at about the same height between the pipe inlet and the pipe break, you can estimate the quantity of
liquid released from the flow rate in the pipe and the time it would take to stop the release by multiplying the
flow rate by the time. For liquids at atmospheric pressure, assume the liquid is spilled into a pool and use the
methods in Section 7.2.3 below to estimate the release rate to air.

For the release of a liquid under pressure from a long pipeline, you may use the equations below (see
Appendix D, Section D.7.2 for more information on these equations). These equations apply both to
substances that arelig at ambient conditions and to gases liquefied under pressure. This method does not
consider the effects of friction in the pipe. First estimate the initial operational flow velocity obtiarste
through the pipe using the initial operational flow rate as follows:

FR x DF x 0.033

V, = A (7-5)
p
where: V, = Initial operational flow velocity (feet per minute)
FR = Initial operational flow rate (pounds per minute)
DF = Density Factor (from Exhibit B-2, Appéix B)
A, = Cross-sectional area of pipe (square feet)

You can estimate the cross-sectional area of the pipe from the diameter or radius (half the diameter
of the pipe) using the formula for the area of a cifatea =rr?, where r is the radius).

The release velocity is then calculated based on the initial operational flow, any gravitational
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accelerabn or deceleraibn effects resulting from changes in the height of the pipeline, and the pressure
difference between the pressure in the pipe and atmospheric pressure, using a form of the Bernoulli equation:

V, =197 x |[[28.4 x P; - 14.7) xDF] + [5.97 x @, - Z)] + [2.58%10° x V.| (7.¢)

where: V, = Release velocity (feet per minute)
P; = Total pressure on liquid in pipe (psia)
DF = Density factor, see Exhibit B-1 or Exhibit B-2
Z, = Height of pipeline at inlet (feet)
Z, = Height of pipeline at break (feet)
V, = Operational velocity (feet per minute), calculated from Equation 7-5

Please note that if the height of the pipe at the release point is higher than the initial pipe height, then Z -Z is
negative, and the height term will cause the estimated release velocity to decrease.

The release velocity can then be used to calculate a release rate as follows:

OR - V, x Ap 27
R " BF x 0.033 (7-7)
where: QR = Release rate (pounds per minute)

V, = Release velocity (feet per minute)

DF = Density Factor

A, = Cross-sectional area of pipe (square feet)

You may estimate the quantity released into a pool from the broken pipe by multiplying the liquid
release rate (QR ) from the equation above by the time (in minutes) that likely would be needed to stop the
release (or to empty the pipeline). Assume the estimated quantity is released into a pool and use the method
and equations described in Section 7.2.3 below to determine the evaporation rate of the liquid from the pool.
You must be able to bstantiate the time needed to stop the release.

As noted above in Section 7.1.1, for a release from a pipe of gas liquefied under pressure, assume
that the released liquid immediately vaporized, and use the calculated liquid release rate as the release rate
to air. If the release duration would be very short (e.g., because of active mitigation measures), determine the
total quantity of the release as the release rate times the duration, then estimate a new release rate as the
quantity divided by 10. This will give you a release rate that you can use with the 10-minute reference tables
of distances in this guidance to estimate a distance to the endpoint.

In the case of very long pipes, release rates from a shear or hole will be lower than the estimates from

this method because of pipe roughness and frictional head loss. If friction effeceraegl @onsiderable, an
established method for calculating frictional head loss such as the Darcy formula may be used.
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7.2.2 Liquid Release Rate and Quantity Released for Mitigated Releases

For alternative release scenarios, you are permitted to take credit for both passive and active
mitigation systems, or a combination if both are in place. Active mitigation techniques that reduce the rate of
liquid release or the quantity released into the pool are discussed in this section. Active and passive
mitigation to reduce the evaporation rate of liquid from a pool are discussed in the next section.

Active Mitigation to Redce Quariity Released

Examples of mitigation techniques to reduce the quantity released into the pool include automatic
shutoff valves and emergencyimdesntory. You may use the equations in Section 7.2.1 above for calculating
liquid release rate, if applicable. Estimate the approximate time needed to stop the release by the mitigation
technique (you must be able to justify your estimate). Multiply the release rate times the duration of release
to estimate quantity released. Assume the estimated quantity is released into a pool and use the method and
equations described in Section 7.2.3 below to determine the evaporation rate of the liquid from the pool. You
should also consider mitigation (active or passive) of evaporation from the pool, if applicable, as discussed in
Section 7.2.3 below.

Example 22. Mitigated Liquid Release

A bromine injection system suffers a hose failure; the greatly lowered system pressure triggers an autormgic
shutoff valve within 30 seconds of the release. The flow rate out of the ruptured hose is approximately 3
pounds per minute. Because the release occurred for only 30 seconds (0.5 minutes), the total quantity Jalled
was 330 x 0.5, or 1650pinds.

7.2.3 Evaporation Rate from Liquid Pool

After you have estimated the quantity of liquid released, assume that the liquid forms a pool and
calculate the evaporation rate from the pool as described below. You may account for both passive and active
mitigation in estimating the release rate. Passive mitigation may include techniques already discussed in
Section 3.2.3 such as dikes and trenches. Active mitigation to reduce the release rate of liquid in pools to the
air may include an assortment of techniques including foam or tarp coverings and water or chemical sprays.
Some methods of accounting for passive and active mitigation are discussed below.

If the calculated evaporation rate from the pool is greater than the liquid release rate you have
estimated from the container, no pool would be formed, and calculating the release rate as the evaporation
rate from a pool would not be appropriate. If the pool evaporation rate is greater than the liquid release rate,
use the liquid release rate as the release rate to air. Consider this possibility particularly for relatively volatile
liquids, gases liquefied by refrigeration, or liquids at elevated temperature that form pools with no mitigation.

April 15, 1999 7-10



Chapter 7
Estimation of Release Rates for Alternative Scenarios for Toxic Substances

Unmitigated

Ambient temperatureFor pools with no mitigation, if the liquid is always at ambient temperature,
find the Liquid Factor Ambient (LFA) and the Density Factor (DF) in Exhibit B-2 of Appendix B (see
Appendix D, Section D.2.2 for the derivation of these factors). If your ambient temperature is betveen 25 C
and 5° C, you may use this method to calculate the release rate, and then use the appropriate Temperature
Correction Factor from Exhibit B-4, Appendix B, to adjust the release rate, as described below. For gases
liquefied by refrigeration, use the Liquid Factor Boiling-B) and DF from Exhibit B-1. Calculate the
release rate from the following equation for liquids at ambient temperature with no mitigation:

QR = QSx 2.4 xLFA x DF (7-8)
where: QR = Release rate (pounds per minute)

QS = Quantity released (pounds)

24 = Wind speed factor = 3.¢ , where 3.0 meters per second (6.7 miles per
hour) is the wind speed for the alternative scenario for purposes of this
guidance

LFA = Liquid Factor Ambient

DF = Density Factor

This method assumes that the total quantity of liquid released spreads out to form a pool one
centimeter in depth; it does not take into account evaporation as the liquid is released.

Example 23. Evaporation from Pool Formed by Liquid Released from Hole in Tank (Allyl Alcohol)

In Example 21, 9,830qunds of allyl alcohol were estimated to be released from a hole in a tank. From Ejbit
B-2, the Density Factor for allyl alcohol is 0.58, and the Liquid Factor Ambier@@6. Assuming that the

liquid is not released into a diked area or inside a building, the evaporation rate from the pool of allyl alcoml,
from Equation 7-8, is:

QR =9,830 x 2.4 x 0.0046 x 0.58 = 63upds per minute

Elevated temperaturd~or pools with no mitigation, if the liquid is at an elevated temperature (above
50°C or at or close to its boiling point), find the Liquid Factor BoilingBLand the Density Factor (DF) in
Exhibit B-2 of Appendix B (see Appendix D, Section D.2.2, for the derivation of these factors). For liquids
at temperatures between25 C and 50 C, you may use the method above for ambient temperature and apply
the appropriate Temperature Correction Factor from Appendix B, Exhibit B-4, to the result, as discussed
below. For liquids above 50 C, or close to their boiling points, or with no Temperature Correction Factors
available, calculate the release rate of the liquid from the following equation:

QR = QSx 2.4 x LFB x DF (7-9)
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where: QR = Release rate (pounds per minute)

QS = Quantity released (pounds)

24 = Wind speed factor = 3.¢ , where 3.0 meters per second (6.7 miles per
hour) is the wind speed for the alternative scenario for purposes of this
guidance

LFB = Liquid Factor Boiling

DF = Density Factor

Mitigated

Diked Areas If the toxic liquid will be released into an area where it will be contained by dikes,
compare the diked area to the maximum area of the pool that could be formed, as described in Section 3.2.3
(see Equation 3-6). Also verify that the quantity spilled will be totally contained by the dikes. The smaller of
the two areas should be used in determination of the evaporation rate. If the maximum area of the pool is
smaller than the diked area, calculate the release rate as described for pools with no mitigation (above). If the
diked area is smaller, and the spill will be totally contained, go to Exhibit B-2 in Appendix B to find the
Liquid Factor Ambient (LFA), if the liquid is at ambient temperature, or the Liquid Factor Boilkgj)(if
the liquid is at an elevated temperature. For temperatures betwgen 25 Cand 50 C, you may use the
appropriate Temperature Correction Factor from Exhibit B-4, Appendix B, to adjust the release rate, as
described below. For gases liquefied by refrigeration, use the LFB. Calculate the release rate from the diked
area as follows for liquids at ambient temperature:

QR = 2.4 x LFA x A (7-10)

or, for liquids at elevated temperatures or gases liquefied by refrigeration alone:

QR =24 xLFB x A (7-11)
where: QR = Release rate (pounds per minute)

24 = Wind speed factor = 3.¢ , where 3.0 meters per second (6.7 miles per
hour) is the wind speed for the alternative scenario for purposes of this
guidance

LFA = Liquid Factor Ambient (listed in Exhibit B-2, Appendix B)

LFB = Liquid Factor Boiling (listed in Exhibit B-1 or B-2, Appendix B)

A = Diked area (square feet)

Releases Into Buildingdf a toxic liquid is released inside a building, compare the area of the
building floor or any diked area that would contain the spill to the maximum area of the pool that could be
formed; the smaller of the two areas should be used in determining the evaporation rate, as for the worst-case
scenario. The maximum area of the pool is determined from Equation 3-6 in Section 3.2.3 for releases into
diked areas. The area of the building floor is the length times width of the floor (in feet) (Equation 3-9).

If the floor area or diked area is smaller than the maximum pool size, estimate the outdoor

evaporation rate from a pool the size of the floor area or diked area from Equation 7-10. If the maximum
pool area is smaller, estimate the outdoor evaporation rate from a pool of maximum size from Equation 7-8.
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Estimate the rate of release of the toxic vapor from the building as five percent of the calculated outdoor
evaporation rate (multiply your evaporation rate by 0.05). See Appendix D, Section D.2.4 for more
information on releases into buildings.

Active Mitigation to Reduce Evaporation Ratexamples of active mitigation techniques to reduce
the evaporation rate from the pool include water sprays and foam or tarp covering. Use test data,
manufacturer design specifications, or past experience to determfrectiomal reduction of the release rate
by the mitigation technique. Apply tHisction to the release rate (evaporation rate from the pool) that
would have occurred without the mitigation technique, as follows:

QRgy = (1-FR) x QR (7-12)
where: QR = Reduced evaporation rate (release rate to air) from pool (pounds per
minute)
FR = Fractonal reduction resulting from mitigation
QR = Evaporation rate from pool without mitigation (pounds per minute)

Temperature Corrections for Liquids at Temperatureswetn 25 and 50 C

If your liquid is at a temperature between®25 Cq77 F) arfd 5022°F), you may use the
appropriate Temperature Correction FactaCkJ from Exhibit B-4, Apperdix B, to calculate a corrected
release rate. Calculate the release rate (QR) of the liquid’at 25°C (77 F) as described above for unmitigated
releases or releases in diked areas and multiply the release rate by the appropriate TCF as described in
Section 3.2.5.

Evaporation Rate Compared to Liquid Release Rate

If you estimated the quantity of liquid in the pool based on an estimated liquid release rate from a
hole in a container or pipe, as discussed in Sections 7.2.1 and 7.2.2, compare the evaporation rate with the
liquid release rate. If the evaporation rate from the pool is greater than the liquid release rate, use the liquid
release rate as the release rate to air.

Duration of Release

After you have estimated a release rate as described above, determine the duration of the vapor
release from the pool (the time it will take for the liquid pool to evaporate completely). To estimate the time
in minutes, divide the total quantity released (in pounds) by the release rate (in pounds per minute) (see
Equation 3-5 in Section 3.2.2). If you are using the liquid release rate as the release rate to air, as discussed
in the precedinggragraph, estimate a ligl release duration as discussed in Section 7.2.1 or 7.2.2. The
duration could be the time it would take to stop the release or the time it would take to empty the tank or to
release all the liquid above the level of the leak. If you have corrected the release rate for a temperatures
above 28 C, use the corrected release rate to estimate the duration.
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7.2.4 Common Water Solutions and Oleum

You may use the methods described above in Sections 7.2.1, 7.2.2, and 7.2.3 for pure liquids to
estimate the quantity of a solution of a toxibstiance or oleum that may bellggd into a pool. LFA, DF,
and LLF values for several concentrations of ammonia, formaldehyde, hydrochloric acid, hydrofluoric acid,
and nitric acid in water solution and for oleum are listed in Appendix B, Exhibit B-3. The LFA for a wind
speed of 3.0 meters per second (6.7 miles per hour) should be used in the release rate calculations for
alternative scenarios for pools of solutions at ambient temperature.

For unmitigated releases or releases with passive mitigation, follow the instructions in Section 7.2.3.
If active mitigation measures are in place, you may estimate a reduced release rate from the instructions on
active mitigation in Section 7.2.2. Use the total quantity of the solution as the quantity released from the
vessel or pipeline (QS) iramying out the calculation of the release rate to the atmosphere.

If the solution is at an elevated temperature, see Section 3.3. As discussed in Section 3.3, you may
treat the release of the substanceoint®n as a release of the purdstance. Alternatively, if you have
vapor pressure data for the solution at the release temperature, you may estimate the release rate from the
equations in Appendix D, Sections D.2.1 and D.2.2.

If you estimated the quantity of solution in the pool based on an estimated liquid release rate from a
hole in a container or pipe, as discussed in Sections 7.2.1 and 7.2.2, compare the evaporation rate with the
liquid release rate. If the evaporation rate from the pool is greater than the liquid release rate, use the liquid
release rate as the release rate to air.
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8 ESTIMATION OF DISTANCE TO THE ENDPOINT FOR
ALTERNATIVE SCENARIOS FOR TOXIC SUBSTANCES

In Chapter 8

. Reference tables of distances for alternative releases, including:

-- Generic reference tables (Exhibit 4), and
-- Chemical-specific reference tables (Exhibit 5).

. Considerations include:
-~ Gas density (neutrally buoyant or dense),

-- Duration of release (10 minutes or 60 minutes),
-- Topography (rural or urban).

For estimating consequence distances for alternative scenarios for tmstarses, thiguidance
provides four generic reference tables for neutrally buoyant gases and vapors and four for dense gases. The
generic reference tables of distances (Reference Tables 14-21) are found at the end of Chapter 10. The
generic tables and the conditions for which each table is applicable are described in Exhibit 4. Four chemical-
specific tables also are provided for ammonia, chlorine, and sulfur dioxide. The chemical-specific reference
tables follow the generic reference tables at the end of Chapter 10. These tables, and the applicable
conditions, are described in Exhibit 5.

All the reference tables of distances for alternative scenarios were developed assuming D stability
and a wind speed of 3.0 meters per second (6.7 miles per hour) as representative of likely conditions for many
sites. Many wind speed and atmospheric stability combinations may be possible at different times in
different parts of the country. If D stability and 3.0 meters per second are not reasonable conditions for your
site, you may want to use other methods to estimate distances.

For simplicity, this guidance assumes ground level releases. This guidance, therefore, may
overestimate the consequence distance if your alternative scenario involves a release above ground level,
particularly for neutrally buoyant gases and vapors. If you want to assume an elevated release, you may want
to consider other methods to determine the consequence distance.

The generic reference tables should be used for all toagtances other than arama, chlorine,
and sulfur dioxide. To use the generic reference tables, you need to consider the release rates estimated for
gases and evaporation from liquid pools and the duration of the release. For the alternative scenarios, the
duration of toxic gas releases may be longer than the 10 minutes assumed for the worst-case analysis for
gases. You need to determine the appropriate toxic endpoint and whether the gas or vapor is neutrally
buoyant or dense, using the tables in Appendix B and considering the conditions of the release. You may
interpolate between entries in the reference tables.
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Exhibit 4
Generic Reference Tables of Distances for Alternative Scenarios

Applicable Conditions

Reference Table

) ) Number
Gas or Vapor Density Topography Release Duration
(minutes)
Neutrally buoyant Rural 10 14
60 15
Urban 10 16
60 17
Dense Rural 10 18
60 19
Urban 10 20
60 21
Exhibit 5
Chemical-Specific Reference Tables of Distances for Alternative Scenarios
Conditions of Release Reference
Substance Table
Gas or Vapor Release Duration Topography Number
Density (minutes)
Anhydrous ammonia Dense 10-60 Rural, urban 22
liguefied under pressure
Non-liquefied ammonia, Neutrally buoyant 10-60 Rural, urban 23
ammonia liquefied by
refrigeration, or aqueous
ammonia
Chlorine Dense 10-60 Rural, urban 24
Sulfur dioxide (anhydrous) Dense 10-60 Rural, urban 25
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Note the following concerning the use of the chemical-specific reference tables for ammonia,
chlorine, and sulfur dioxide:

The table for anhydrous ammonia (Reference Table 22) applies only to flashing releases of
ammonia liquefied under pressure. Use Table 23 for release of ammonia as a gas (e.g.,
evaporation from a pool or release from the vapor space of a tank).

You may use these tables for releases of any duration.

To use the reference tables of distances, follow these steps:

For Regulated Toxic Substaces Other than Ammonia, Gbrine, and Sulfur Dioxide
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Find the toxic endpoint for the sstance in Appadix B (Exhibit B-1 for toxic gases or
Exhibit B-2 for toxic liquids).

Determine whether the table for neutrally buoyant or dense gases and vapors is appropriate
from Appendix B (Exhibit B-1 for toxic gases or Exhibit B-2, column for alternative case,

for toxic liquids). A toxic gas that is lighter than air may behave as a dense gas upon release
if it is liquefied under pressure, because the released gas may be mixed with liquid droplets,
or if it is cold. Consider the state of the released gas when you decide which table is
appropriate.

Determine whether the table for rural or urban conditions is appropriate.

- Use the rural table if your site is in an open area with few obtingct

- Use the urban table if your site is in an urban or obstructed area.

Determine whether the 10-minute table or the 60-minute table is appropriate.

- Use the 10-minute table for releases from evaporating pools of common water
solutions and of oleum.

- If you estimated the release duration for gas release or pool evaporation to be 10
minutes or less, use the 10-minute table.

- If you estimated the release duration for gas release or pool evaporation to be more
than 10 minutes, use the 60-minute table.

Neutrally Buoyant Gases or Vapors

If Exhibit B-1 or B-2 indicates the gas or vapor should be considered neutrally buoyant, and
other factors would not cause the gas or vapor to behave as a dense gas, divide the estimated
release rate (pounds per minute) by the toxic endpoint (milligrams per liter).
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Find the range of release rate/toxic endpoint values that includes your calculated release
rate/toxic endpoint in the first column of the appropriate table (Reference Table 14, 15, 16,
or 17), then find the corresponding distance to the right.

Dense Gases or Vapors

If Exhibit B-1 or B-2 or consideration of other relevant factors indicates tistance
should be considered a dense gas or vapor (heavier than air), find the distance in the
appropriate table (Reference Table 18, 19, 20, or 21) as follows;

- Find the toxic endpoint closest to that of thbstance by refing across the top of
the table. If the endpoint of thelmiance is halfway between two values on the
table, choose the value on the table that is smaller (to the left). Otherwise, choose
the closest value to the right or the left.

- Find the release rate closest to the release rate estimated fdvdtansa at the left
of the table. If the calculated release rate is halfway between two values on the
table, choose the release rate that is Iqfgether down on the table). Otherwise,
choose the closest value (up or down on the table).

- Read across from the release rate and down from the endpoint to find the distance
corresponding to the toxic endpoint and release rate for ybatance.

For Ammonia, CHorine, or Sulfur Dioxide
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Find the appropriate chemical-specific table for yolnssance (see the desciquis of
Reference Tables 22-25 in Exhibit 5).

- If you have ammonia liquefied by refrigeration alone, you may use Reference Table
23, even if the duration of the release is greater than 10 minutes.

- If you have chlorine or sulfur dioxide liquefied by refrigeration alone, you may use
the chemical-specific reference tables, even if the duration of the release is greater
than 10 minutes.

Determine whether rural or urban topography is applicable to your site.

- Use the rural column in the reference table if your site is in an open area with few
obstructons.

- Use the urban column if your site is in an urbanbstucted area.
Estimate the consequence distance as follows:

-- In the left-hand column of the table, find the release rate closest to your calculated
release rate.
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- Read the corresponding distance from the appropriate column (urban or rural) to the
right.

The development of the generic reference tables is discussed in Appendix D, Sections D.4.1 and
D.4.2. The development of the chemical-specific reference tables is discussed in industry-specific risk
management prograguidance documents and a backup information document that are cited in Section
D.4.3. If you think the results of the method presented here overstate the potential consequences of a your
alternative release scenario, you may choose to use other methods or models that take additional site-specific

factors into account.

Examples 24 and 25 below include the results of modeling using two other models, ALOHA and
WHAZAN, for comparison with the results of the methods presented in this guidance. Appendix D, Section
D.4.5 provides additional information on this modeling.

Example 24. Gas Release of Chlorine

Assume that you calculated a release rate of 508qgs per minute of chlorine from a tank. A chemical-

specific table is provided for chlorine, so you do not need to consult Appendix B for information on chlori

The topography of your site is urban. For a release of chlorine under average meteorology (D stability 3
meters per second wind speed), go to Reference Table 24. The estimated releaSedgrindls per

minute, with urban topography, corresponds to a consequence distance of 0.4 miles.

Additional Modeling for Comparison

The ALOHA model gave a distance_of 3.0 mileshe endpoint, using the same assumptions.

The WHAZAN model gave a distance_of 3.2 mileshe endpoint, using the same assumptions and the den
cloud dispersion model.
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Example 25. Allyl Alcohol Evaporating from Pool

In Example 23, the evaporation rate of allyl alcohol from a pool was calculated as 63 pounds per minute.
guantity in the pool was estimated a83® punds; therefore, the pool would evaporate 880/63 or 156
minutes. You would use a 60-minute reference table to estimate the distance to the endpoint. From Exhi
Appendix B, the toxic endpoint for allyl alcohol i9986 mg/L, and the appropriate reference table for the
alternative scenario analysis is a neutrally buoyant plume table. To find the distance from the neutrally bu
plume tables, you need the release rate divided by the endpoint. In this case, it is 63/0.036, or 1,750. As
the release takes place in a rural location, you use Reference Table 15, applicable to neutrally buoyant pl
minute releases, and rural conditions. From this table, you estimate the distance as 0.4 mile.

Additional Modeling for Comparison

The ALOHA model gave a distance_of 0.7 midethe endpoint for a release rate of 63 pounds per minute, usi
the same assumptions and the dense gas model.

The WHAZAN model gave a distance_of 0.5 midethe endpoint for a release rate of 63 pounds per minute,
the same assumptions and the buoyant plume dispersion model.
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9 ESTIMATION OF RELEASE RATES FOR ALTERNATIVE
SCENARIOS FOR FLAMMABLE SUBSTANCES

In Chapter 9

o

. Methods to estimate a release rate to air for a flammable gas (9.1) or liqui
(9.2).

9.1 Flammable Gases
Gaseous Release from Tank or Pipe

An alternative scenario for a release of a flammable gas may involve a leak from a vessel or piping.
To estimate a release rate for flammable gases from hole size and storage conditions, you may use the method
described above in Section 7.1.1 for toxic gases. This release rate may be used to determine the dispersion
distance to the lower flammability limit (LFL), as described in Section 10.1. Exhibit C-2 in Appendix C
includes Gas Factors (GF) that may be usedrinjing out the calculations for each of the regulated
flammable gases.

Example 26. Release Rate of Flammable Gas from Hole in Tank (Ethylene)

A pipe tears off a tank containing ethylene. The pipe is in the vapor space of the tank. The release rate jibm
the hole can be estimated from Equation 7-1 in Section 7.1. You estimate that the pipe would leave a h@a with
an area (HA) of 5 square inches. The temperature inside the fank (T , absolute temperature, Kelvin) is 12 K,
9°C, and the square root of the temperature is 16.8. The pressure in the tank (P) is approximaiatyds28

per square inch absolute (psia). From Exhibit C-2, Appendix C, the gas factor (GF) for ethylene is 18. m
Equation 7-1, the release rate (QR) is:

QR =5 x 728 x (1/16.8) x 18 = 3,900uynds per minute

Gases Liquefied Under Pressure

A vapor cloud fire is a possible result of a release of a gas liquefied under pressure. You may use the
methods described in Section 7.1.1 for toxic gases liquefied under pressure to estimate the release rate from a
hole in a tank for a flammable gas liquefied under pressure. The estimated release rate may be used to
estimate the dispersion distance to the LFL for a vapor cloud fire.

Flammable gases that are liquefied under pressure may be released very rapidly, with partial

vaporization of the liquefied gas and possible aerosol formation. Section 10.4 presents a method for
estimating the consequences of a vapor cloud explosion from such a release of a gas liquefied under pressure.
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Gases Liquefied by Rageration

Flammable gases liquefied by refrigeration alone can be treated as liquids for the alternative scenario
analysis, as discussed in Section 9.2 and Section 10.2, below.

9.2  Flammable Liquids

You may estimate a release rate for flammable liquids by estimating the evaporation rate from a
pool. Release rates also can be estimated for flammable gases liquefied by refrigeration alone by this method,
if the liquefied gas is likely to form a pool upon release. You first need to estimate the quantity in the pool.

You may use the method discussed in Section 7.2.1 to estimate a rate of liquid release for flammable
liquids into a pool from a hole in a tank or from a pipe shear. Exhibit C-3 in Appendix C includes liquid leak
factors (LLF) for calculating release rate from a hole. Note that the LLF is appropriate only for atmospheric
tanks. LLF values are not provided for liquefied flammable gases; you will need to estimate the quantity in
the pool from other information for liqguefied flammable gases.

Once you have an estimate of the quantity of flammable liquid in a pool, you may use the methods
presented in Section 7.2.3 to estimate the evaporation rate from the pool. Liquid factors at ambient and
boiling temperature (LFA andAB) for liquids for the calculation are listed in Exhibit C-3 in Appendix C,
and LFBs for liquefied gases are listed in Exhibit C-2. Both passive and active mitigation measures
(discussed in Sections 7.2.2 and 7.2.3) may be taken into account. You do not need to estimate the duration
of the release, because this information is not used to estimate distance to the LFL, as discussed in the next
chapter.

As for toxic liquids, if the rate of evaporation of the liquid from the pool is greater than the rate of
release of the liquid from the container, you should use the liquid release rate, not the pool evaporation rate,
as the rate of release to the air. You should expect rapid evaporation rates for liquefied flammable gases
from a pool. All of the regulated flammable liquids are volatile, so the evaporation rate from a pool may be
expected to be relatively high, particularly without mitigation.
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10 ESTIMATION OF DISTANCE TO THE ENDPOINT FOR
ALTERNATIVE SCENARIOS FOR FLAMMABLE SUBSTANCES

In Chapter 10

. 10.1 Method to estimate the dispersion distance to the LFL for vapor clougd
fires.
. 10.2 Method to estimate the distance to the heat radiation endpoint for a pool

fire involving a flammable liquid, based on the pool area and factors provided
in the appendix.

. 10.3 Method to estimate the distance to the heat radiation endpoint for a
fireball from a BLEVE, using a reference table of distances.

. 10.4 Alternative scenario analysis for vapor cloud explosions, using less
conservative assumptions than for worst-case vapor cloud explosions.

10.1 Vapor Cloud Fires

The distance to the LFL represents the maximum distance at which the radiant heat effects of a vapor
cloud fire might have serious consequences. Exhibit C-2, Appendix C, provides LCL data (in volume percent
and milligrams per liter) for listed flammable gases; Exhibit C-3 provides these data for flammable liquids.
This guidance provides reference tables for the alternative scenario conditions assumed in this guidance (D
stability and wind speed 3.0 meters per second, ground level releases) for estimating the distance to the LCL.
Release rate is the primary factor for determining distance to the flammable endpoint. Because the methods
used in this guidance assumes that the vapor cloud release is in a steady state and that vapor cloud fires are
nearly instantaneous events, release duration is not a critical factor for estimating vapor cloud fire distances.
Thus, the reference tables for flammable substances are not brokerapatetgpy release duian (e.g.,

10 minutes, 60 minutes). The development of these tables is discussed further in Appendix D, Section D.4.
The reference tables for flammable substances (Reference Tables 26-29 at the end of Chapter 10) are listed in
Exhibit 6.

To use the reference tables of distances to find the distance to the LFL from the release rate, follow
these steps:

. Find the LFL endpoint for the batance in Appadix C (Exhibit C-2 for flammable gases or
Exhibit C-3 for flammable liquids).

. Determine from Appendix C whether the table for neutrally buoyant or dense gases and
vapors is appropriate (Exhibit C-2 for flammable gases or Exhibit C-3 for flammable
liquids). A gas that is lighter than air may behave as a dense gas upon release if it is
liquefied under pressure, because the released gas may be mixed with liquid droplets, or if it
is cold. Consider the state of the released gas when you decide which table is appropriate.
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. Determine whether the table for rural or urban conditions is appropriate.
- Use the rural table if your site is in an open area with few obtingct

- Use the urban table if your site is in an urban or obstructed area.

Exhibit 6
Reference Tables of Distances for Vapor Cloud Fires of Flammable Substances
Applicable Conditions Reference Table
] ] Number
Gas or Vapor Density Topography Release Duration
(minutes)
Neutrally buoyant Rural 10 - 60 26
Urban 10 - 60 27
Dense Rural 10 - 60 28
Urban 10 - 60 29

Neutrally Buoyant Gases or Vapors

. If Exhibit C-2 or C-3 indicates the gas or vapor should be considered neutrally buoyant, and
other factors would not cause the gas or vapor to behave as a dense gas, divide the estimated

release rate (pounds per minute) by the LFL endpoint (milligrams per liter).

. Find the range of release rate/LFL values that includes your calculated release rate/LFL in

the first column of the appropriate table (Reference Table 26 or 27), then find the
corresponding distance to the right.

Dense Gases or Vapors

. If Exhibit C-2 or C-3 or consideration of other relevant factors indicates listasice

should be considered a dense gas or vapor (heavier than air), find the distance in the

appropriate table (Reference Table 28 or 29) as follows:

- Find the LFL closest to that of thetmtance by rating across the top of the table.
If the LFL of the substance is halfway between two values on the thblesecthe
value on the table that is smaller (to the left). Otherwise, choose the closest value to

the right or the left.

- Find the release rate closest to the release rate estimated fdistansa at the left
of the table. If the calculated release rate is halfway between two values on the
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table, choose the release rate that is Iqfgether down on the table). Otherwise,
choose the closest value (up or down on the table).

-- Read across from the release rate and down from the LFL to find the distance
corresponding to the LFL and release rate for yobstsunce.

Example 27. Flammable Gas Release (Ethylene)

In Example 26, you estimated a release rate for ethylene from a hole in a tank ofo8y@@®ger minute. You
want to estimate the distance to the LFL for a vapor cloud fire resulting from this release.

From Exhibit C-2, Appendix C, the LFL for ethylene is 31 mg/L, and the appropriate table for distance
estimation is a neutrally buoyant gas table for flammable substances. Your site is in a rural area, so youjould
use Reference Table 26.

To use the neutrally buoyant gas tables, you need to calculate release rate/endpoint. In this case, relea
rate/LFL = 3,900/31 or 126. On Reference Table 26, 126 falls in the range of release rate/LFL values
corresponding to 0.2 miles.
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Example 28. Vapor Cloud Fire from Evaporating Pool of Flammable Liquid

You have a tank containing 20,000ymds of ethyl ether. A likely scenario for a release might be shearing glla
pipe from the tank, with the released liquid forming a pool. You want to estimate the consequences of a j@por
cloud fire that might result from evaporation of the pool and ignition of the vapor.

You first need to estimate the rate of release of the liquid from the tank. You can do this using Equation
Section 7.2.1. For this calculation, you need the area of the hole that would result from shearing the pip
the height of the liquid in the tank above the hole (LH), and the liquid leak factor (LLF) for ethyl ether, fro
Exhibit C-3 in Appendix C. The pipe diameter is 2 inches, so the cross sectional area of the hole would i 3.1
square inches. You estimate that the pipe is 2 feet, or 24 inches, below the level of the liquid when the ik is
full. The square root of LH (24 inches) is 4.9. LLF for ethyl ether is 34. From Equation 7-4, the rate of r@ase
of the liquid from the hole is calculated as:

QR = 3.1x4.9x%x34
= 520 punds per minute

You estimate that the release of the liquid could be stopped in about 10 minutes. In 10 minutes, 10 x 578 or
5,200 munds, would be released.

The liquid would be released into an area without dikes. To estimate the evaporation rate from the pool glmed
by the released liquid, you use Equation 7-8 from Section 7.2.3. To carry out the calculation, you need t

Liquid Factor Ambient (LFA) and the Density Factor (DF) for ethyl ether. From Exhibit C-3, Appendix C,

LFA for ethyl ether is 0.11 and DF is 0.69. The release rate to air is:

QR = 5,200 x 2.4 x 0.11 x 0.69
= 950 punds per minute

The evaporation rate from the pool is greater than the estimated liquid release rate; therefore, you use tijaliquid
release rate of 52(pnds per minute as the release rate to air. To estimate the maximum distance at wh

people in the area of the vapor cloud could suffer serious injury, estimate the distance to the lower flam ility
limit (LFL) (in milligrams per liter) for ethyl ether, from the appropriate reference table. From Exhibit C-3,
Appendix C, LFL for ethyl ether is 57 mg/L, and the appropriate reference table is a dense gas table. YJ@ site
is in a rural area with few obstructions, so you use Reference Table 28.

From Reference Table 28, the closest LFL is 60 mg/L. The lowest release rate on the table cuhdpqy
minute, which is higher than the evaporation rate estimated for the pool of ethyl ether. For a release ratqess
than 1,500 punds per minute, the distance to the LFL is less than 0.1 miles.
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10.2 Pool Fires

Pool fires may be considered as potential alternative scenarios for flammable liquids, including gases
liquefied by refrigeration alone. You may find, however, that other scenarios will give a greater distance to
the endpoint and, therefore, may be more appropriate as alternative scenarios. A "Pool Fir@PF&jtor"
has been derived for each of the regulated flammable liquids and most of the flammable gases to aid in the
consequence analysis. The derivation of these factors is discussed in Appendix D, Section BEF, The
listed in Appendix C, Exhibit C-2 for flammable gases and C-3 for flammable liquids, may be used to
estimate a distance from the center of a pool fire where people could poteetieile Isecond degree burns
from a 40-second exposure. The heat radiation endpoint for this analysis is Bt&ifmvaquare meter
(kW/m?). Ambient temperature is assumed to bé 25 C (77 F) for calculationREEhfor flammable
liquids.

To estimate a distance using feF, you first need to estimate the size of i, pn square feet,
that might be formed by the release of a flammalstsunce.You may use the methods described above for
toxic liquids to estimate pool size. Density factors (DF) for the estimation of pool size in undiked areas may
be found for flammable gases and flammable liquids in Exhibits C-2 and C-3 of Appendix C. For flammable
gases, the DF is based on the density at the boiling point. You may want to consider whether the released
substance may evaporate too quickly to fornoal pf the maximum size, particularly for liquefied gases.

Distances may be estimated from the PFF anddbkgrea as follows:

d = PFF x /A (10-1)
where: d = Distance (feet)
PFF = Pool Fire Factor (listed for each flammabléstance in Appedix C,
Exhibits C-2 and C-3)
A = Pool area (square feet)
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Example 29. Pool Fire of Flammable Liquid

For a tank containing 20,00@pnds of ethyl ether, you want to estimate the consequences of a pool fire. u
estimate that 15,00pnds would be released into an area without dikes, forming a pool. Assuming the Igid
spreads to a depth of 1 centimeter (0.39 inches), you estimate the area of the pool formed from Equatiorg-6,
Section 3.2.3. For this calculation, you need the density factor (DF) for ethyl ether; from Exhibit C-3,
Appendix C, DF for ethyl ether is 0.69. From Equation 3-6, the area of the pool is:

A =15,000 x 0.69 = 10,400 square feet

You can use Equation 10-1 to estimate the distance from the center of the burning pool where the heat rjg@iation
level would reach 5 kW/t . For the calculation, you need the square root of the pool area (A) and the pdl fire
factor (PFF) for ethyl ether. The square root of A, 10,400 square feet, is 102 feet. From Exhibit C-3,

Appendix C, PFF for ethyl ether is 4.3. From Equation 10-1, the distance (d) to 3 kW/m is:

d =4.3 x 102 = 440 feet (about 0.08 miles)

If you have a gas that is liquefied under pressure or under a combination of pressure and
refrigeration, a pool fire is probably not an appropriate alternative scenario. A fire or explosion involving the
flammable gas that is released to the air by a sudden release of pressure is likely to have the potential for
serious effects at a greater distance than a pool fire (e.g., see the methods for analysis of BLEVEs and vapor
cloud explosions in Sections 10.3 and 10.4 below, or see Appendix A for references that provide more
information on consequence analysis for fires and explosions).

10.3 BLEVEs

If a fireball from a BLEVE is a potential release scenario at your site, you may use Reference Table
30 to estimate the distance to a potentially harmful radiant heat level. The table shows distances for a range
of quantities to the radiant heat level that potentially could cause second degree burns to a person exposed for
the duration of the fire. The quantity you use should be the total quantity in a tank that might be involved in a
BLEVE. The equations used to derive this table of distances are presented in Appendix D, Section D.10. If
you prefer, you may use the equations to estimate a distance for BLEVES, or you may use a different
calculation method or model.

10.4 Vapor Cloud Explosion

If you have the potential at your site for the rapid release of a large quantity of a flammable vapor,
particularly into a congested area, a vapor cloud explosion may be an appropriate alternative release scenario.
For the consequence analysis, you may use the same methods as for the worst case to estimate consequence
distances to an overpressure endpoint of 1 psi (see Section 5.1 and the equation in Appendix C). Instead of
assuming the total quantity of flammablédstance released is in the vaploud, you may estimate a smaller
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guantity in the cloud. You could base your estimate of the quantity in the cloud on the release rate estimated
as described above for gases and liquids multiplied by the time required to stop the release.

To estimate the quantity in the cloud for a gas liquefied under pressure (not refrigerated), you may
use the equation below. This equation incorporates a fflastton factor"(FFF), listed in Appedix C,
Exhibit C-2 for regulated flammable gases, to estimate the quantity that comchbdiately flashed into
vapor upon release. A factor of two is included to estimate the quantity that migintiee #ong as spray
or aerosol. See Appendix D, Section D.11 for the derivation of this equation. The equation is:

QF = FFF x QSx 2 (10-2)
where: QF = Quantity flashed into vapor plus aerosol (pounds) (cannot be larger than
QS)
FFF = Flash fradbn factor (unitless) (listed in Appendix C, Exhibit C-2) (must be
less than 1)

Quantity spilled (pounds)

QS
2 Factor to account for spray and aerosol

For derivation of th&FF, the temperature of the stored gas was assumed td'be 25 C (77 F) (except
as noted in Exhibit C-2). You may estimate the flagabtion under other conditions using the equation
presented in Appendix D, Section D.11.

You may estimate the distance to 1 psi for a vapor cloud explosion from the quantity in the cloud
using Reference Table 13 (at the end of the worst-case analysis discussion) or from Equation C-1 in
Appendix C. For the alternative scenario analysis, you may use a yield factor of 3 percent, instead of the
yield factor of 10 percent used in the worst-case analysis. As discussed in Appendix D, Section D.11, the
yield factor of 3 percent is representative of more likely events, based on data from past vapor cloud
explosions. If you use the equation in Appendix C, use 0.03 instead of 0.1 in the calculation. If you use
Reference Table 13, you can incorporate the lower yield factor by multiplying the distance you read from
Reference Table 13 by 0.67.
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Example 30. Vapor Cloud Explosion (Propane)

You have a tank containing 50,000ynds of propane liquefied under pressure at ambient temperature. Y
want to estimate the consequence distance for a vapor cloud explosion resulting from rupture of the tan

You use Equation 10-2 to estimate the quantity that might be released to form a cloud. You base the
calculation on the entire contents of the tank (QS = 50,000gs). From Exhibit C-2 of Appendix C, the

Flash Fraction Factor (FFF) for propane is 0.38. From Equation 10-2, the quantity flashed into vapor, plg the
guantity that might be carried along as aerosol, (QF) is:

QF =0.38 x 50,000 x 2 = 38,000ynds

You assume 38,00mpnds of propane is in the flammable part of the vapor cloud. This quantity falls be n
20,000 punds and 5000 munds in Reference Table 13; 600 punds is the quantity closest to your

guantity. From the table, the distance to 1 psi overpressure is 0.3 mile0idd EOnds of propane for a 10
percent yield factor. To change the yield factor to 3 percent, you multiply this distance by 0.67; then the
distance becomes 0.2 mile.
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Reference Table 14
Neutrally Buoyant Plume Distances to Toxic Endpoint for Release Rate Diléd by Endpoint
10-Minute Release, Rural Conditions, D Stability, WindSpeed 3.0 Meters per Second

April 15, 1999

10-9

*Report distance as 25 miles

Release Rate/Endpoint Distance to Release Rate/Endpoint Distance to
[(Ibs/min)/(mg/L)] Endpoint [(Ibs/min)/(mg/L)] Endpoint
(miles) (miles)
0-64 0.1 130,000 - 140,000 4.8
64 - 510 0.2 140,000 - 160,000 5.0
510- 1,300 0.3 160,000 - 180,000 5.2
1,300 - 2,300 0.4 180,000 - 190,000 54
2,300 - 4,100 0.6 190,000 - 210,000 5.6
4,100 - 6,300 0.8 210,000 - 220,000 5.8
6,300 - 8,800 1.0 220,000 - 240,000 6.0
8,800 - 12,000 1.2 240,000 - 261,000 6.2
12,000 - 16,000 1.4 261,000 - 325,000 6.8
16,000 - 19,000 1.6 325,000 - 397,000 7.5
19,000 - 22,000 1.8 397,000 - 477,000 8.1
22,000 - 26,000 2.0 477,000 - 566,000 8.7
26,000 - 30,000 2.2 566,000 - 663,000 9.3
30,000 - 36,000 2.4 663,000 - 769,000 9.9
36,000 - 42,000 2.6 769,000 - 1,010,000 11
42,000 - 47,000 2.8 1,010,000 - 1,280,00( 12
47,000 - 54,000 3.0 1,280,000 - 1,600,00( 14
54,000 - 60,000 3.2 1,600,000 - 1,950,00( 15
60,000 - 70,000 3.4 1,950,000 - 2,340,00( 16
70,000 - 78,000 3.6 2,340,000 - 2,770,00( 17
78,000 - 87,000 3.8 2,770,000 - 3,240,00( 19
87,000 - 97,000 4.0 3,240,000 - 4,590,00( 22
97,000 - 110,000 4.2 4,590,000 - 6,190,00( 25
110,000 - 120,000 4.4 >6,190,000 >25*
120,000 - 130,000 4.6




Reference Table 15
Neutrally Buoyant Plume Distances to Toxic Endpoint for Release Rate Diléd by Endpoint
60-Minute Release, Rural Conditions, D Stability, WindSpeed 3.0 Meters per Second

Release Rate/Endpoint Distance to Release Rate/Endpoint Distance to
[(Ibs/min)/(mg/L)] Endpoint [(Ibs/min)/(mg/L)] Endpoint
(miles) (miles)
0-79 0.1 100,000 - 108,000 4.8
79 - 630 0.2 108,000 - 113,000 5.0
630 - 1,600 0.3 113,000 - 120,000 5.2
1,600 - 2,800 0.4 120,000 - 126,000 54
2,800 - 5,200 0.6 126,000 - 132,000 5.6
5,200 - 7,900 0.8 132,000 - 140,000 5.8
7,900 - 11,000 1.0 140,000 - 150,000 6.0
11,000 - 14,000 1.2 150,000 - 151,000 6.2
14,000 - 19,000 1.4 151,000 - 171,000 6.8
19,000 - 23,000 1.6 171,000 - 191,000 7.5
23,000 - 27,000 1.8 191,000 - 212,000 8.1
27,000 - 32,000 2.0 212,000 - 233,000 8.7
32,000 - 36,000 2.2 233,000 - 256,000 9.3
36,000 - 42,000 2.4 256,000 - 280,000 9.9
42,000 - 47,000 2.6 280,000 - 332,000 11
47,000 - 52,000 2.8 332,000 - 390,000 12
52,000 - 57,000 3.0 390,000 - 456,000 14
57,000 - 61,000 3.2 456,000 - 529,000 15
61,000 - 68,000 3.4 529,000 - 610,000 16
68,000 - 73,000 3.6 610,000 - 699,000 17
73,000 - 79,000 3.8 699,000 - 796,000 19
79,000 - 84,000 4.0 796,000 - 1,080,000 22
84,000 - 91,000 4.2 1,080,000 - 1,410,00( 25
91,000 - 97,000 4.4 >1,410,000 >25*
97,000 - 100,000 4.6

*Report distance as 25 miles
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Reference Table 16
Neutrally Buoyant Plume Distances to Toxic Endpoint for Release Rate Diléd by Endpoint
10-Minute Release, Urban Conditions, D Stability, WindSpeed 3.0 Meters per Second

April 15, 1999

10-11

*Report distance as 25 miles

Release Rate/Endpoint Distance to Endpoin{ Release Rate/Endpoin Distance to

[(Ibs/min)/(mg/L)] (miles) [(Ibs/min)/(mg/L)] Endpoint

(miles)

0-160 0.1 600,000 - 660,000 4.8

160 - 1,400 0.2 660,000 - 720,000 5.0
1,400 - 3,600 0.3 720,000 - 810,000 52
3,600 - 6,900 0.4 810,000 - 880,000 54
6,900 - 13,000 0.6 880,000 - 950,000 5.6
13,000 - 22,000 0.8 950,000 - 1,000,000 5.8
22,000 - 31,000 1.0 1,000,000 - 1,100,00( 6.0
31,000 - 42,000 1.2 1,100,000 - 1,220,00( 6.2
42,000 - 59,000 1.4 1,220,000 - 1,530,00( 6.8
59,000 - 73,000 1.6 1,530,000 - 1,880,00( 7.5
73,000 - 88,000 1.8 1,880,000 - 2,280,00( 8.1
88,000 - 100,000 2.0 2,280,000 - 2,710,000 8.7
100,000 - 120,000 2.2 2,710,000 - 3,200,000 9.3
120,000 - 150,000 2.4 3,200,000 - 3,730,000 9.9
150,000 - 170,000 2.6 3,730,000 - 4,920,000 11
170,000 - 200,000 2.8 4,920,000 - 6,310,000 12
200,000 - 230,000 3.0 6,310,000 - 7,890,000 14
230,000 - 260,000 3.2 7,890,000 - 9,660,000 15
260,000 - 310,000 3.4 9,660,000 - 11,600,000 16
310,000 - 340,000 3.6 11,600,000 - 13,800,000 17
340,000 - 390,000 3.8 13,800,000 - 16,200,000 19
390,000 - 430,000 4.0 16,200,000 - 23,100,000 22
430,000 - 490,000 4.2 23,100,000 - 31,300,0P0 25
490,000 - 540,000 4.4 >31,300,000 >25*

540,000 - 600,000 4.6




Reference Table 17
Neutrally Buoyant Plume Distances to Toxic Endpoint for Release Rate Diléd by Endpoint
60-Minute Release, Urban Conditions, D Stability, WindSpeed 3.0 Meters per Second

April 15, 1999

10-12

*Report distance as 25 miles

Release Rate/Endpoint Distance to Release Rate/Endpoint Distance to

[(Ibs/min)/(mg/L)] Endpoint [(Ibs/min)/(mg/L)] Endpoint

(miles) (miles)

0-200 0.1 460,000 - 490,000 4.8

200 - 1,700 0.2 490,000 - 520,000 5.0
1,700 - 4,500 0.3 520,000 - 550,000 5.2
4,500 - 8,600 0.4 550,000 - 580,000 54
8,600 - 17,000 0.6 580,000 - 610,000 5.6
17,000 - 27,000 0.8 610,000 - 640,000 5.8
27,000 - 39,000 1.0 640,000 - 680,000 6.0
39,000 - 53,000 1.2 680,000 - 705,000 6.2
53,000 - 73,000 1.4 705,000 - 804,000 6.8
73,000 - 90,000 1.6 804,000 - 905,000 7.5
90,000 - 110,000 1.8 905,000 - 1,010,000 8.1
110,000 - 130,000 2.0 1,010,000 - 1,120,000 8.7
130,000 - 150,000 2.2 1,120,000 - 1,230,000 9.3
150,000 - 170,000 2.4 1,230,000 - 1,350,000 9.9
170,000 - 200,000 2.6 1,350,000 - 1,620,000 11
200,000 - 220,000 2.8 1,620,000 - 1,920,000 12
220,000 - 240,000 3.0 1,920,000 - 2,250,000 14
240,000 - 270,000 3.2 2,250,000 - 2,620,000 15
270,000 - 300,000 3.4 2,620,000 - 3,030,000 16
300,000 - 320,000 3.6 3,030,000 - 3,490,000 17
320,000 - 350,000 3.8 3,490,000 - 3,980,000 19
350,000 - 370,000 4.0 3,980,000 - 5,410,000 22
370,000 - 410,000 4.2 5,410,000 - 7,120,000 25
410,000 - 430,000 44 >7,120,000 >25%

430,000 - 460,000 4.6




Reference Table 18
Dense Gas Distances to Toxic Endpoint
10-minute Release, Rural Conditions, D Stability, Wind Speed 3.0 Meters per Second

Toxic Endpoint (mg/L)
Rslaetzse 0.0004 | 0.0007| 0.001| 0.002| 0.003# 0.00F 0.00|75 0.41 0.*)2 0.4)35 4.05 01075 |O.1 |O.25 | 0.5 0.75
(Ibs/min) Distance (Miles)
1 0.6 0.4 0.4 0.2 0.2 0.1 0.1 0.1 <0.1 <0.1 # # # # # #
2 0.9 0.6 0.5 0.4 0.3 0.2 0.2 0.1 0.1 0.1 <0.] <0.1 # # # #
5 1.4 1.1 0.9 0.6 0.4 0.4 0.3 0.2 0.2 0.1 0.1 0.1 <0.L # # #
10 2.0 15 1.2 0.9 0.6 0.5 0.4 0.4 0.2 0.2 0.1 0.1 0.1 <0|1 <0.1
30 3.7 2.7 2.2 1.5 1.1 0.9 0.7 0.7 0.5 0.3 0.3 0.4 0.2 0.1 op <Q.1
50 5.0 3.7 3.0 2.1 1.9 1.2 1.0 0.9 0.6 0.4 0.4 0.3 0.2 0.p ofL g1
100 7.4 5.3 4.3 3.0 2.3 1.7 1.4 1.2 0.9 0.6 0.6 0.4 0.4 0.p 02 alx
150 8.7 6.8 5.5 3.8 2.8 2.3 1.9 1.6 1.1 0.8 0.7 0.4 0.% 0.B 02 al2
250 12 8.7 7.4 5.0 3.7 3.0 2.4 2.1 1.4 1.1 0.9 0.7 0.4 0.4 (0] <} aj2
500 17 13 11 7.4 5.3 4.5 3.6 3.0 2.1 1.6 1.3 1.3 0.9 0.6 04 o3
750 22 16 13 9.3 6.8 5.6 45 3.8 2.7 1.9 1.6 .3 1.1 0.y 0.p o4
1,000 >25 19 16 11 8.1 6.8 5.2 45 3.1 2.3 2.2 1.5 1.3 0.B 0J6 al4
1,500 * 23 19 13 9.9 8.1 6.8 5.6 3.9 29 24 1.9 1.4 1. 0.y 0lp
2,000 * >25 22 15 12 9.3 7.4 6.8 4.5 34 2.7 2.2 19 1.2 0.8 olp
2,500 * * 25 17 13 11 8.7 7.4 5.2 3.8 3.2 2.5 2.1 1.3 0.9 0
3,000 * * >25 19 14 12 9.3 8.1 5.7 4.2 3.5 2.8 2.4 1.4 1.4 0.
4,000 * * * 22 17 14 11 9.3 6.8 4.9 4.1 3.3 2.8 1.7 1.1 0.9
5,000 * * * >25 19 16 12 11 7.4 5.6 4.7 3.7 3.1 2.1 1.3 1.1
7,500 * * * * 24 19 16 13 9.3 6.8 58 4.7 4.0 24 1.6 1.3
10,000 * * * * >25 22 18 16 11 8.1 6.8 5.3 4.6 2.8 1.9 15
15,000 * * * * * >25 22 19 13 9.9 8.1 6.8 5.7 3.5 24 1.9
20,000 * * * * * * >25 22 16 11 9.3 7.4 6.8 4.0 2.8 2.2
50,000 * * * * * * * >25 24 18 15 12 10 6.5 4.5 3.6
75,000 * * * * * * * * >25 22 18 15 13 7.8 54 4.4
100,000 * * * * * * * * * >25 21 17 14 8.9 6.3 5.0
150,000 * * * * * * * * * * >25 20 17 11 7.4 6.0
200,000 * * * * * * * * * * * 23 19 12 8.5 6.8

* > 25 miles (report distance as 25 miles) # <0.1 mile (report distance as 0.1 mile)
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Reference Table 19
Dense Gas Distances to Toxic Endpoint
60-minute Release, Rural Conditions, D Stability, WindSpeed 3.0 Meters per Second

Toxic Endpoint (mg/L)
R;Iaetzse 0.0004 | 0.0007| 0.001| 0.002| 0.003# 0.00F 0.00|75 0.91 0.*)2 0.4)35 4.05 OlO?S |O.1 |O.25 | 0.5 0.75
(Ibs/min) Distance (Miles)
1 0.5 0.4 0.3 0.2 0.2 0.1 0.1 0.1 <0.1 # # # # # # #
2 0.8 0.6 0.5 0.3 0.2 0.2 0.2 0.1 0.1 <0.1 <0.] <0.1L # # # #
5 1.6 1.0 0.8 0.5 0.4 0.3 0.2 0.2 0.2 0.1 0.1 0.1 <0.L # # #
10 2.0 1.4 1.2 0.8 0.6 0.5 0.4 0.3 0.2 0.2 0.1 0.1 0.1 <0|1 <0.1
30 4.0 2.8 2.2 1.5 1.1 0.9 0.7 0.6 0.4 0.3 0.2 0.4 0.2 0.1 op <(.1
50 55 3.9 3.1 2.1 15 1.2 1.0 0.8 0.6 0.4 0.3 0.3 0.2 0.1 ofL g1
100 8.7 6.1 4.8 3.2 2.2 1.8 1.4 1.2 0.8 0.6 0.5 0.4 0.3 0.p 0Jj1 alx
150 12 8.1 6.2 4.1 29 2.3 1.8 1.6 1.1 0.7 0.6 0.5 0.4 0.8 (017 aj1
250 17 11 8.7 5.6 4.0 3.2 2.5 2.1 1.4 1.1 0.9 0.1 0.4 0.4 0pR Q)2
500 >25 19 14 9.3 6.2 5.0 3.9 3.3 2.2 1.6 1.3 1.d 0. 0.p (013 Qi3
750 * 25 19 12 8.7 6.8 5.1 4.2 2.8 2.0 1.6 1.3 1.1 0.6 0.4 ot
1,000 * >25 24 15 11 8.1 6.1 5.2 3.4 24 1.9 15 1.3 0.9 0.% (0]'3
1,500 * * >25 20 14 11 8.1 6.8 4.3 3.0 2.5 1.9 1.7 1.0 0.7 0.
2,000 * * * 24 17 13 9.9 8.1 52 3.7 29 2.3 1.9 1.2 0.7 0.4
2,500 * * * >25 19 15 12 9.3 6.0 4.3 34 2.7 2.2 1.3 0.9 0.7
3,000 * * * * 22 17 13 11 6.8 4.8 3.8 3.0 2.5 1.5 1.0 0.8
4,000 * * * * >25 21 16 14 8.7 5.8 4.7 3.6 3.0 1.7 1.2 0.9
5,000 * * * * * 25 19 16 9.9 6.8 5.3 4.1 35 2.0 1.4 1.1
7,500 * * * * * >25 25 20 13 9.3 6.8 5.4 4.5 2.6 1.7 1.4
10,000 * * * * * * >25 25 16 11 8.7 6.8 5.4 3.1 2.1 1.6
15,000 * * * * * * * >25 21 14 11 8.7 7.4 4.0 2.6 2.1
20,000 * * * * * * * * 25 17 14 11 8.7 4.8 3.1 25
50,000 * * * * * * * * >25 >25 25 19 16 8.8 5.6 4.3
75,000 * * * * * * * * * * >25 25 20 11 7.3 5.6
100,000 * * * * * * * * * * * >25 24 14 9.4 6.8
150,000 * * * * * * * * * * * * >25 17 11 8.7
200.000 * " * * " * " * * " * * " 20 13 10
# <0.1 mile (report distance as 0.1 mile)

* > 25 miles (report distance as 25 miles)
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Reference Table 20
Dense Gas Distances to Toxic Endpoint
10-minute Release, Urban Conditions, D Stability, Wingpeed 3.0 Meters per Second

Toxic Endpoint (mg/L)
Rslaetzse 0.0004 | 0.0007| 0.001| 0.002| 0.003# 0.00F 0.00|75 0.41 0.*)2 0.4)35 4.05 01075 |O.1 |O.25 | 0.5 0.75
(Ibs/min) Distance (Miles)
1 0.5 0.3 0.2 0.2 0.1 0.1 0.1 0.1 <0.1] # # # # # # #
2 0.7 0.5 0.4 0.3 0.2 0.2 0.1 0.1 0.1 <0.1 <0.] # # # # #
5 11 0.8 0.6 0.5 0.3 0.3 0.2 0.2 0.1 0.1 0.1 <0.1 <0.L # # #
10 2.1 1.2 1.0 0.7 0.5 0.4 0.3 0.3 0.2 0.1 0.1 0.1 0.1 <0|1 # 1
30 3.0 2.2 1.9 1.2 0.9 0.8 0.6 0.6 0.4 0.3 0.2 0.4 0.1 0.1 <0.1
50 4.1 3.0 2.5 1.6 1.2 1.0 0.8 0.7 0.5 0.3 0.3 0.4 0.2 0.1 op <Q.1
100 5.8 4.3 35 2.7 1.8 1.4 1.2 1.0 0.7 0.6 0.4 0.4 0.3 0.p 0Jj1 alx
150 7.4 5.5 45 3.1 2.2 1.9 1.4 1.2 0.9 0.7 0.6 0.4 0.4 0.p 02 alx
250 9.9 7.4 5.8 4.1 3.0 25 2.0 1.7 1.1 0.9 0.7 0.4 0.% 0.B 02 alx
500 14 11 8.7 59 4.3 3.6 2.9 2.5 1.7 1.2 1.0 0.9 0.1 0.4 0 Q)2
750 17 13 11 7.4 5.5 4.5 3.6 3.1 2.1 1.6 1.2 1.4 0.9 0.b 04 o3
1,000 20 15 12 8.7 6.2 53 4.3 3.5 25 1.8 1.9 1.2 1. 0.p 04 al3
1,500 >25 19 16 11 8.1 6.2 5.2 45 3.0 2.2 1.8 1.5 1.2 0.f 05 al4
2,000 * 22 18 12 9.3 7.4 6.2 5.2 3.7 2.7 2.2 1.7 1.4 0.9 0.6 (0]15)
2,500 * 24 20 14 11 8.7 6.8 6.0 3.8 3.0 2.2 1.9 1.7 1.4 0.7 0lp
3,000 * >25 22 16 11 9.3 7.4 6.8 4.5 3.3 2.7 2.1 19 1.1 0.7 olp
4,000 * * >25 18 14 11 8.7 7.4 5.3 4.0 3.2 2.6 2.1 1.2 0.9 0
5,000 * * * 20 15 12 9.9 8.7 58 4.4 3.6 29 2.4 14 0.9 0.1
7,500 * * * >25 19 16 12 11 7.4 5.5 45 3.6 3.0 1.8 1.2 0.9
10,000 * * * * 22 18 14 12 8.7 6.2 5.2 4.2 3.6 2.1 1.4 1.1
15,000 * * * * >25 22 18 16 11 8.1 6.8 5.2 4.4 2.6 1.7 1.3
20,000 * * * * * >25 20 18 12 9.3 7.4 6.0 5.2 3.0 2.0 1.6
50,000 * * * * * * >25 >25 20 15 12 9.7 8.3 5.0 3.3 2.6
75,000 * * * * * * * * 25 18 15 12 10 6.1 4.1 3.1
100,000 * * * * * * * * >25 21 17 14 12 7.0 4.7 3.7
150,000 * * * * * * * * * >25 21 17 14 8.5 5.7 4.5
200,000 * * * * * * * * * * 24 19 16 9.7 6.5 5.1

* > 25 miles (report distance as 25 miles) # <0.1 mile (report distance as 0.1 mile)
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Reference Table 21
Dense Gas Distances to Toxic Endpoint
60-minute Release, Urban Conditions, D Stability, Windspeed 3.0 Meters per Second

Toxic Endpoint (mg/L)
Rg';ése 0.0004 | o.ooo7| 0.001| 0.002| o.ooska 0.00}5 o.oo|75 0.41 0.*)2 0.4)35 o|.05 01075 |o.1 |o.25 | 05 0.75
(Ios/min) Distance (Miles)
1 0.4 0.3 0.2 0.2 0.1 0.1 0.1 <0.1 # # # # # # # #
2 0.7 05 0.4 0.2 0.2 0.2 0.1 0.1 <0.1 <0.] # # # # # #
5 1.1 0.8 0.7 0.4 0.3 0.2 0.2 0.2 0.1 0.1 <0.] <0.1 <0fL # # 4
10 1.7 1.2 1.0 0.7 0.5 0.4 0.3 0.3 0.2 0.1 0.1 0.1 0.1 <01 # 1
30 33 2.4 1.9 1.3 0.9 0.7 0.6 0.5 0.3 0.2 0.2 0.2 0.1 0.1 <01
50 47 33 2.6 1.7 1.2 1.0 0.8 0.7 0.4 0.3 0.3 0.2 0.1 0.l ofL <(.1
100 7.4 5.2 4.1 2.7 1.9 15 1.2 1.0 0.7 0.5 0.4 0.4 0.3 0.p o1 dla
150 9.9 6.8 5.3 3.4 2.4 1.9 15 1.3 0.9 0.6 0.5 0.4 0.3 0.p o1 dla
250 14 9.3 7.4 47 3.4 2.7 21 1.7 1.1 0.8 0.7 0.5 0.4 0.B op a1
500 22 16 12 7.4 5.2 42 32 2.7 1.7 1.2 1.0 0.9 0.7 0.4 op ap
750 >25 20 16 9.9 6.8 5.4 42 35 22 1.6 1.3 1.4 0. 0.5 0B aiz
1,000 * 24 19 12 8.1 6.8 5.0 42 2.7 1.8 16 1.2 1.0 0.6 0.4 olp
1,500 * >25 >25 16 11 8.7 6.8 55 35 1.9 2.0 1.6 1.3 0.1 05 ol
2,000 * * * 19 14 11 8.1 6.8 42 3.0 2.2 1.9 1.6 0.9 0.6 0.4
2,500 * * * 23 16 12 9.3 7.4 4.9 3.4 2.7 21 1.7 1.0 0.6 0.4
3,000 * * * >25 18 14 11 8.7 55 3.8 3.0 2.4 2.0 1.1 0.7 0.4
4,000 * * * * 22 17 13 11 6.8 47 3.1 2.8 2.4 13 0.9 0.7
5,000 * * * * >25 20 16 12 8.1 5.3 43 33 2.7 15 1.0 0.7
7,500 * * * * * 25 20 17 11 6.8 5.6 43 35 2.0 1.2 0.9
10,000 * * * * * >25 24 20 13 8.7 6.8 5.2 43 2.4 15 1.1
15,000 * * * * * * >25 >25 17 11 8.7 6.8 5.6 3.0 1.9 15
20,000 * * * * * * * * 20 14 11 8.1 6.8 36 2.3 1.7
50,000 * * * * * * * * >25 >25 20 15 13 6.6 4.0 3.1
75,000 * * * * * * * * * * >25 20 16 8.7 5.3 3.9
100,000 * * * * * * * * * * * 24 20 10 6.3 47
150,000 * * * * * * * * * * * >25 >25 14 8.2 6.1
200,000 . * « . * x * « . * x x * 16 9.9 73
* > 25 miles (report distance as 25 miles) # <0.1 mile (report distance as 0.1 mile)
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Reference Table 22
Distances to Toxic Endpoint for Anhydrous Ammonia Liquefied Under Pressure

D Stability, Wind Speed 3.0 Meters per Second

Release Rate Distance to Endpoint (miles)
(Ibs/min)
Rural Urban
<10 <0.1*
10 0.1
15 0.1
<0.1*
20 0.1
30 0.1
40 0.1
50 0.1
60 0.2 0.1
70 0.2 0.1
80 0.2 0.1
90 0.2 0.1
100 0.2 0.1
150 0.2 0.1
200 0.3 0.1
250 0.3 0.1
300 0.3 0.1
400 0.4 0.2
500 0.4 0.2
600 0.5 0.2
700 0.5 0.2
750 0.5 0.2
800 0.5 0.2

* Report distance as 0.1 mile

April 15, 1999

Release Rate Distance to Endpoint (miles
(Ibs/min)

Rural Urban
900 0.6 0.2
1,000 0.6 0.2
1,500 0.7 0.3
2,000 0.8 0.3
2,500 0.9 0.3
3,000 1.0 0.4
4,000 1.2 0.4
5,000 1.3 0.5
7,500 1.6 0.5
10,000 1.8 0.6
15,000 2.2 0.7
20,000 2.5 0.8
25,000 2.8 0.9
30,000 3.1 1.0
40,000 3.5 1.1
50,000 3.9 1.2
75,000 4.8 14
100,000 54 1.6
150,000 6.6 1.9
200,000 7.6 2.1
250,000 84 2.3
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Distances to Toxic Endpoint for Non-liquefied Ammonia, Ammonia Liquefied by Refrigeration, or

Reference Table 23

Aqueous Ammonia

D Stability, Wind Speed 3.0 Meters per Second

Release Rate Distance to Endpoint (miles)
(Ibs/min)
Rural Urban
<8 <0.1*
8 0.1
10 0.1
15 0.1 <0.1%
20 0.1
30 0.1
40 0.1
50 0.2 0.1
60 0.2 0.1
70 0.2 0.1
80 0.2 0.1
90 0.2 0.1
100 0.2 0.1
150 0.3 0.1
200 0.3 0.1
250 0.4 0.2
300 0.4 0.2
400 0.4 0.2
500 0.5 0.2
600 0.6 0.2
700 0.6 0.2
750 0.6 0.2

* Report distance as 0.1 mile

April 15, 1999

Release Ratg Distance to Endpoint (mile
(Ibs/min)
Rural Urban
800 0.7 0.2
900 0.7 0.3
1,000 0.8 0.3
1,500 1.0 0.4
2,000 1.2 0.4
2,500 1.2 04
3,000 15 0.5
4,000 1.8 0.6
5,000 2.0 0.7
7,500 2.2 0.7
10,000 25 0.8
15,000 3.1 1.0
20,000 3.6 1.2
25,000 4.1 1.3
30,000 4.4 1.4
40,000 51 1.6
50,000 5.8 1.8
75,000 7.1 2.2
100,000 8.2 2.5
150,000 10 3.1
200,000 12 3.5
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Reference Table 24

Distances to Toxic Endpoint for Chlorine

D Stability, Wind Speed 3.0 Meters per Second

Release Rate Distance to Endpoint (miles) Release Ratg Distance to Endpoint (mile]
(Ibs/min) (Ibs/min)
Rural Urban Rural Urban
1 <0.1* 750 1.2 0.4
<0.1*

2 0.1 800 1.2 0.5

5 0.1 900 1.2 0.5
10 0.2 0.1 1,000 1.3 0.5
15 0.2 0.1 1,500 1.6 0.6
20 0.2 0.1 2,000 1.8 0.6
30 0.3 0.1 2,500 2.0 0.7
40 0.3 0.1 3,000 2.2 0.8
50 0.3 0.1 4,000 25 0.8
60 04 0.2 5,000 2.8 0.9
70 0.4 0.2 7,500 34 1.2
80 0.4 0.2 10,000 3.9 1.3
90 0.4 0.2 15,000 4.6 1.6
100 0.5 0.2 20,000 5.3 1.8
150 0.6 0.2 25,000 5.9 2.0
200 0.6 0.3 30,000 6.4 21
250 0.7 0.3 40,000 7.3 24
300 0.8 0.3 50,000 8.1 2.7
400 0.8 04 75,000 9.8 3.2
500 1.0 04 100,000 11 3.6
600 1.0 04 150,000 13 4.2
700 1.1 04 200,000 15 4.8

* Report distance as 0.1 mile

April 15, 1999
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Reference Table 25
Distances to Toxic Endpoint for Sulfur Dioxide
D Stability, Wind Speed 3.0 Meters per Second

Release Rate Distance to Endpoint (miles) Release Rat] Distance to Endpoint (mile]
(Ibs/min) (Ibs/min)
Rural Urban Rural Urban
1 <0.1* 750 1.3 0.5
<0.1*

2 0.1 800 1.3 0.5

5 0.1 900 1.4 0.5
10 0.2 0.1 1,000 15 0.5
15 0.2 0.1 1,500 19 0.6
20 0.2 0.1 2,000 2.2 0.7
30 0.2 0.1 2,500 2.3 0.8
40 0.3 0.1 3,000 2.7 0.8
50 0.3 0.1 4,000 3.1 1.0
60 0.4 0.2 5,000 3.3 11
70 0.4 0.2 7,500 4.0 1.3
80 0.4 0.2 10,000 4.6 14
90 0.4 0.2 15,000 5.6 1.7
100 0.5 0.2 20,000 6.5 1.9
150 0.6 0.2 25,000 7.3 21
200 0.6 0.2 30,000 8.0 2.3
250 0.7 0.3 40,000 9.2 2.6
300 0.8 0.3 50,000 10 2.9
400 0.9 04 75,000 13 35
500 1.0 0.4 100,000 14 4.0
600 1.1 04 150,000 18 4.7
700 1.2 04 200,000 20 54

* Report distance as 0.1 mile

April 15, 1999

10-20

)



Reference Table 26
Neutrally Buoyant Plume Distances to Lower Flammallity Limit (LFL)
For Release Rate Divided by LFL
Rural Conditions, D Stability, Wind Speed 3.0 Meters per Second

Release Rate/Endpoint Distance to Release Rate/Endpoint Distance to
[(Ibs/min)/(mg/L)] Endpoint [(Ibs/min)/(mg/L)] Endpoint
(miles) (miles)
0-28 0.1 2,700 - 3,300 0.9
28 - 40 0.1 3,300 - 3,900 1.0
40 - 60 0.1 3,900 - 4,500 1.1
60 - 220 0.2 4,500 - 5,200 1.2
220 - 530 0.3 5,200 - 5,800 1.3
530 - 860 0.4 5,800 - 6,800 14
860 - 1,300 0.5 6,800 - 8,200 1.6
1,300 - 1,700 0.6 8,200 - 9,700 1.8
1,700 - 2,200 0.7 9,700 - 11,000 2.0
2,200 - 2,700 0.8 11,000 - 13,000 2.2

Reference Table 27
Neutrally Buoyant Plume Distances to Lower Flammaltity Limit (LFL)
For Release Rate Divided by LFL
Urban Conditions, D Stability, Wind Speed 3.0 Meters per Second

Release Rate/Endpoint Distance to Release Rate/Endpoint Distance to
[(Ibs/min)/(mg/L)] Endpoint [(Ibs/min)/(mg/L)] Endpoint
(miles) (miles)
0-68 0.1 5,500 - 7,300 0.7
68 - 100 0.1 7,300 - 9,200 0.8
100 - 150 0.1 9,200 - 11,000 0.9
150 - 710 0.2 11,000 - 14,000 1.0
710 - 1,500 0.3 14,000 - 18,000 1.2
1,500 - 2,600 0.4 18,000 - 26,000 1.4
2,600 - 4,000 0.5 26,000 - 31,000 1.6
4,000 - 5,500 0.6 31,000 - 38,000 1.8
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Reference Table 28
Dense Gas Distances to Lower Flammability Limit

Rural Conditions, D Stability, Wind Speed 3.0 Meters per Second

Lower Flammability Limit (mg/L)

Release
Rate 27 30 35 40 45 50 60 70 100 >100
(Ibs/min) Distance (Miles)
<1,500 # # # # # # # # # #
1,500 <0.1 <0.1 # # # # # # # #
2,000 0.1 0.1 <0.1 # # # # # # #
2,500 0.1 0.1 0.1 <0.1 # # # # # #
3,000 0.1 0.1 0.1 0.1 <0.1 <0.1 # # # #
4,000 0.1 0.1 0.1 0.1 0.1 0.1 <0.1 # # #
5,000 0.1 0.1 0.1 0.1 0.1 0.1 0.1 <0.1 # #
7,500 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 <0.1 #
10,000 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 <0.1

# < 0.1 mile (report distance as 0.1 mile)

April 15, 1999
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Reference Table 29
Dense Gas Distances to Lower Flammability Limit
Urban Conditions, D Stability, Wind Speed 3.0 Meters per Second

Lower Flammability Limit (mg/L
Release
Rate 27 30 35 40 >40
(Ios/min) Distance (Miles)
<5,000 # # # # #
5,000 <0.1 <0.1 # # #
7,500 0.1 0.1 <0.1 # #
10,000 0.1 0.1 0.1 <0.1 #

# < 0.1 mile (report distance as 0.1 mile)
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Reference Table 30
Distance to Radiant Heat Dose at Potential Second Degree Burn Threshold Assuming Exposure for Duration of Fireball from BLEVE
(Dose =[5 kW/nt 3 x Exposure Time)

Quantity in Fireball (pounds) 1,000 5,000 10,000 20,000 30,00¢ 50,000 75,000 100,000 200,000 300,000 500,00
Duration of Fireball (seconds) 35 5.9 7.5 9.4 10.8 12.7 14.8 15.5 17.4] 18.7 20.
CAS No. Chemical Name Distance (miles) at which Bwsure for Duration of Fireball May Cause Second Dgee Burns
75-07-0 | Acetaldehyde 0.04 0.08 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5 0.
74-86-2 | Acetylene 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.9
598-73-2 [ Bromotrifluoroethylene 0.01 0.02 0.03 0.04 0.05) 0.04 0.0y 0.08 0.1 0fL 02
106-99-0 | 1,3-Butadiene 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.9 0.4 0.8
106-97-8 | Butane 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.6 O.J}I
106-98-9 | 1-Butene 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.6 O.H
107-01-7 | 2-Butene 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.6 O.H
25167-67-3| Butene 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.
590-18-1 [ 2-Butene-cis 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.
624-64-6 | 2-Butene-trans 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.4 048
463-58-1 | Cdon oxysulfide 0.02 0.05 0.06 0.09 0.1 0.1 0.2 0.2 0.2 0.3 0.3
7791-21-1 | Chlorine wnoxide 0.01 0.02 0.02 0.03 0.03 0.04 0.05 0.06] 0.09 0.09 0.
557-98-2 [ 2-Chlorompylene 0.03 0.07 0.1 0.1 0.2 0.2 0.2 0.3 0.4 0.4 0.5
590-21-6 [ 1-Chlorompylene 0.03 0.07 0.1 0.1 0.2 0.2 0.2 0.3 0.4 0.4 0.5
460-19-5| Cyaogen 0.03 0.07 0.1 0.1 0.2 0.2 0.2 0.3 0.4 0.4 0.5
75-19-4 | Cyclopropane 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.
4109-96-0 | Dichlorosilane 0.02 0.04 0.06 0.08 0.1 0.1 0.2 0.2 0.2 0.3 0,
75-37-6 | Difluoroethane 0.02 0.05 0.07 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.
124-40-3 | Dimethylamine 0.04 0.09 0.1 0.2 0.2 0.3 0.3 0.4 0.5 0.5 0.
463-82-1 | 2,2-Dimethylpropane 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.9 0.4 018
74-84-0 | Ethane 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.4
107-00-6 | Ethyl acetylene 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.9 0.4 O.LL
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Reference Table 30 (continued)

Quantity in Fireball (pounds) 1,000 5,000 10,000 20,000 30,00¢ 50,000 75,000 100,000 200,000 300,000 500,00
Duration of Fireball (seconds) 35 5.9 7.5 9.4 10.8 12.7 14.8 15.5 17.4] 18.7 20.
CAS No. Chemical Name Distance (miles) at which Bwsure for Duration of Fireball May Cause Second Dgee Burns
75-04-7 | Ethylamine 0.04 0.09 0.1 0.2 0.2 0.3 0.3 0.4 0.5 0.5 0.7
75-00-3 | Ethyl chloride 0.03 0.07 0.09 0.1 0.2 0.2 0.2 0.3 0.3 0.4 0.4
74-85-1 | Ethylene 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.9
60-29-7 | Ethyl ether 0.04 0.09 0.1 0.2 0.2 0.2 0.3 0.3 0.5 0.5 0.]
75-08-1 | Ethyl mercaptan 0.04 0.08 0.1 0.2 0.2 0.2 0.3 0.3 0.4 0.5 0/
109-95-5 | Ethyl nitrite 0.03 0.06 0.09 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5
1333-74-0 | Hydrogen 0.08 0.2 0.2 0.3 0.4 0.5 0.6 0.6 0.9 1.0 1.
75-28-5 | Isobutane 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.
78-78-4 | Isopentane 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.8
78-79-5 | Isoprene 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.
75-31-0 | Isopropylamine 0.04 0.09 0.1 0.2 0.2 0.3 0.3 0.4 0.5 0.6 0.
75-29-6 | Isopropyl chloride 0.04 0.07 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.4 0.
74-82-8 | Methane 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.6 0.6 0.4
74-89-5 | Methylamine 0.04 0.08 0.1 0.2 0.2 0.2 0.3 0.3 0.4 0.5 O.(H
563-45-1 [ 3-Methyl-1-butene 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.
563-46-2 [ 2-Methyl-1-butene 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.
115-10-6 | Methyl ether 0.04 0.08 0.1 0.2 0.2 0.2 0.3 0.3 0.4 0.5 0.
107-31-3 | Methyl formate 0.03 0.06 0.08 0.1 0.1 0.2 0.2 0.2 0.3 0.4 0.
115-11-7 | 2-Methylpropene 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.
504-60-9 [ 1,3-Pentadiene 0.05 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0. 0.6 Olf
109-66-0 [ Pentane 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.9 0.6 0.
109-67-1 | 1-Pentene 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.4 0.
646-04-8 [ 2-Pentene, (E)- 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.9 0.6 0i8
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Reference Table 30 (continued)

April 15, 1999

Quantity in Fireball (pounds) 1,000 5,000 10,000 20,000 30,00¢ 50,000 75,000 100,000 200,000 300,000 500,00
Duration of Fireball (seconds) 35 5.9 7.5 9.4 10.8 12.7 14.8 15.5 17.4] 18.7 20.
CAS No. Chemical Name Distance (miles) at which Bwsure for Duration of Fireball May Cause Second Dgee Burns
627-20-3 [ 2-Pentene, (2)- 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.4 08
463-49-0 | Propadiene 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.4 0.8
74-98-6 | Propane 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.
115-07-1 | Popylene 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.8
74-99-7 | Propyne 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.9
7803-62-5 | Silane 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.7
116-14-3 | Tetrafluoroethylene 0.01 0.02 0.02 0.03 0.04 0.0 0.0b 0.47 0.09 0|1 Qi1
75-76-3 | Tetramethylsilane 0.05 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5 0.4 oJr
10025-78-2 [ Trichlorosilane 0.01 0.03 0.04 0.06 0.07] 0.08 0.1 0.7 0.2 0.2 0|p
79-38-9 | Trifluorochloroethylene 0.01 0.02 0.03 0.04 0.05 0.04 0.07 0.0B 0.1 0.L Ol2
75-50-3 | Trimethylamine 0.04 0.09 0.1 0.2 0.2 0.3 0.3 0.4 0.5 0.6 0.
689-97-4 [ Vinyl acetylene 0.05 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.6 0.
75-01-4 | Vinyl chloride 0.03 0.07 0.09 0.1 0.2 0.2 0.2 0.3 0.3 0.4 0.5
109-92-2 | Vinyl ethyl ether 0.04 0.09 0.1 0.2 0.2 0.2 0.3 0.3 0.4 0.5 0.4
75-02-5 | Vinyl fluoride 0.01 0.02 0.03 0.04 0.05 0.06 0.08 0.09 0.1 0.1 0.3
75-35-4 | Vinylidene chloride 0.02 0.05 0.07 0.09 0.1 0.1 0.2 0.2 0.3 0.3 0.
75-38-7 | Vinylidene fluoride 0.02 0.05 0.07 0.09 0.1 0.1 0.2 0.2 0.3 0.3 0.
107-25-5 | Vinyl methyl ether 0.04 0.08 0.1 0.2 0.2 0.2 0.3 0.3 0.4 0.9 0.
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11  ESTIMATING OFFSITE RECEPTORS

In Chapter 11

. How to estimate the number of offsite receptors potentially affected by youf
worst-case and alternative scenarios.

. Where to find the data you need.

The rule requires that you estimate residential populations within the circle defined by the endpoint
for your worst-case and alternative release scenarios. In addition, you must repdrRitPtiadnether
certain types of public receptors and environmeet@ptors are within the circles.

To estimate residential populations, you may use the reostitr Census data or any other source of
data that you believe is more accurate. Local authorities may be able to provide information on offsite
receptors. You are not required to update Census data or conduct any surveys to develop your estimates.
Census data are available in public libraries and in thdViaw system, which is available on CD-ROM
(see box below). The rule requires that you estimate populations to two significant digits. For example, if
there are 1,260 people hih the circle, you may reportaQ0 people. If the number of people is between 10
and 100, estimate to the nearest 10. If the number of people is less thavite, the actual number.

How to obtain Census data and LandView

Census data can be found in publications of the Bureau of the Census, available in public libraries, includi
County and City Data Book

LandView ®Ill is a desktop mapping system that includes database extracts from EPA, the Bureau of the (@nsus,
the U.S. Geological Survey, the Nuclear Regulatory Commission, the Department of Transportation, and t
Federal Emergency Management Agency. These databases are presented in a geographic context on majge that
show jurisdictional boundaries, detailed networks of roads, rivers, and railroads, census block group and tijct
polygons, schools, hospitals, churches, cemeteries, airports, dams, and other landmark features.

CD-ROM for IBM-compatible PCS
CD-TGR95-LV3-KIT $99 per disc (by region) or $549 for 11 disc set

U.S. Department of Commerce

Bureau of the Census

P.O. Box 277943

Atlanta, GA 30384-7943

Phone:301-457-4100 (Customer Services -- orders)
Fax: (888) 249-7295 (toll-free)

Fax: (301) 457-3842 (local)

Phone: 801) 457-1128 (Geography Staff -- content)
http://www.census.gov/ftp/pub/geo/wwwitiger/

Further information on LandView and other sources of Census data is available at the Bureau of the Censull web
site at www.census.gov.
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Chapter 11
Estimating Offsite Receptors

Census data are presented by Census tract. If your circle covers only a portion of the tract, you
should develop an estimate for that portion. The easiest way to do this is to determine the population density
per square mile (total population of the Census tract divided by the number of square miles in the tract) and
apply that density figure to the number of square miles within your circle. Because there is likely to be
considerable variation in actual densities within a Census tract, this number will be approximate. The rule,
however, does not require you to correct the number.

Other public receptors must be noted in the RMP. If there are hoglscresidences, hospitals,
prisons, public recreational areas, omoaercial, office, oindustrial areas within the circle, you must report
that. Any of these locations inhabited or occupied by the public at any time without restriction by the source
is a public receptor. You are not required to develop a list of all institutions and areas; you must simply
check off which types of receptors are within the circle. Most of these institutions or areas can be identified
from local street maps. Recreational areas include public swimming pools, public parks, and other areas that
are used for recreational activities (e.g., baseball fieldsinn@wcial andndustrial areas include shopping
malls, strip malls, downtown business areas, industrial parks, etc. See@#&sal Guidance for Risk
Management Programs (40 CFR part 68) further information on identifying publieceptors.

Environmental eceptors are defined as national or state parkstém nonuments; officially
designated wildlife sanctuaries, preserves, or refuges; and Federal wilderness areas. All of these can be
identified on local U.S. Geological Survey (USGS) maps (see box below). You are not required to locate
each of these specifically. You are only required to check off iRk that these specific types of areas are
within the circle. If any part of one of theseeptors is within your circles, you must note that irRiE°.

Important: The rule does not require you to assess the likelihood, type, or severity of potential

impacts on either public or environmentateptors. Identifying them as within the circle simply indicates
that they could be adverselffected by the release.
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Chapter 11
Estimating Offsite Receptors

How to obtain USGS maps

The production of digital cartographic data and graphic maps comprises the largest component of the US
National Mapping Program. The USGS's most familiar product is theDD@4cale Topographic Quadrangle
Map. This is the primary scale of data produced, and depicts greater detail for a smaller area than
intermediate-scale (1:50,000 and 1:100,000) and small-scale (1:250,000, 1:2,000,000 or souien), pvhich
show selectively less detail for larger areas.

U.S. Geological Survey
508 National Center

12201 Sunrise Valley Drive
Reston, VA 20192

Phone: 703) 648-4000
http://mapping.usgs.gov

To order USGS maps by fax, select, print, and complete one of the online forms and fax to 303-202-4693.
A list of the nearest commercial dealers is available at: http://mapping.usgs.gov/esic/usimage/dealers.html
For more information or ordering assistance, call 1-800-HELP-MAP, or write:

USGS Information Services

Box 25286
Denver, CO 80225

For additional information, contact any USGS Earth Science Information Center or call 1-800-USA-MAPS.
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12 SUBMITTING OFFSITE CONSEQUENCE ANALYSIS
INFORMATION FOR RISK MANAGEMENT PLAN

In Chapter 12

. 12.1 Information you are required to submit for worst-case scenarios for tpxic
substances.

. 12.2 Information you are required to submit for alternative scenarios for tgxic
substances.

. 12.3 Information you are required to submit for worst-case scenarios for

flammable substances.

. 12.4 Information you are required to submit for alternative scenarios for
flammable substances.

For the offsite consequence analysis (OCA) component of the RMP you mwigiepnformation on
your worst-case and alternative release scenario(s) for toxic and flammable regulated chemicals held above
the threshold quantity. The reqgrinents for what informitn you must submit differ if your source has
Program 1, Program 2, or Program 3 processes.

If your source has Program 1 processes, you must submit information on a worst-case release
scenario for eacRrogram 1 process. If your source has Program 2 or Program 3 processes, you must
provide information on onaorst-case release for all toxic regulatedstances present above the thodd
guantity and ongvorst-case release scenario for all flammable regulatestamces present above the
threshold quantity. You may need to submit an additional worst-case scenario if a worst-case release from
another part of the source would potentiaffiect public receptors different from those potentially affected
by the initial worst-case scenario(s) for flammable and toxic regulabestdasices.

In addition to a worst-case release scenario, sources with Program 2 and Program 3 processes must
also provide information on alternative release scenarios. Alternative releases are releases that could occur,
other than the worst-case, that may result in concentrations, overpressures, or radiant heat that reach
endpoints offsite. You must present information on one alternative release scenario fegelatkd toxic
substance, inading the sbstance used for the worst-case release, held above tHottirgsantity and one
alternative release scenario to represent all flammable substances held aboventiid Huastity. The
types of documentation to submit are presented below for worst-case scenarios involvindsiaitess,
alternative scenarios involving toxictmtances, worst-case scenaim®lving flammable shstances, and
alternative scenarios involving flammablédstances.

12.1 RMP Data Required for Worst-Case Scenarios for Toxic Substances

For worst-case scenarios involving toxibstances, you Whave to submit the following
information. See thRMP*Submit User Manual for complete instriocts.

. Chemical name;
. Percentage weight of the regulated liquid toxiostance (if present in a mixture);
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Chapter 12

Submitting Offsite Consequence Analysis Information for Risk Management Plan

Physical state of the chemical released (gas, liquid, refrigerated gas, gas liquefied by
pressure);

Model used (OCA or industry-specific guidance reference tables or modeling; name of other
model used);

Scenario (gas release or liquid spill and vaporization);

Quantity released (pounds);

Release rate (pounds per minute);

Duration of release (minutes) (10 minutes for gases; if you used OCA guidance for liquids,
indicate either 10 or 60 minutes);

Wind speed (meters per second) and stability class (1.5 meters per second and F stability
unless you can show higher minimum wind speed or less stable atmosphere at all times
during the last three years);

Topography (rural or urban);

Distance to endpoint (miles, rounded to two significant digits);

Population within distance to endpoint (residential population rounded to two significant
digits);

Public receptors within the distance to endpoint (schools, residences, hospitals, prisons,
recreation areas, aumercial, office oindustrial areas);

Environmental eceptors within the distance to endpoint (national or state parkstsfooe
monuments; officially degnated wildlife sanctuaries, preserves, or refuges; Federal
wilderness areas); and

Passive mitigation measures considered (dikes, enclosures, berms, drains, sumps, other).

12.2 RMP Data Required for Alternative Scenarios for Toxic Substances

For alternative scenarios involving toxidsstiances held above the threll quantity in a Program 2
or Program 3 process, you will have to submit the following information. See the Riskdviwmadrlan
Data Elements @de for complete instructions.

April 12, 1999

Chemical name;

Percentage weight of the regulated liquid toxiostance (if present in a mixture);

Physical state of the chemical released (gas, liquid, refrigerated gas, gas liquefied by
pressure);

Model used (OCA or industry-specific guidance reference tables or modeling; name of other
model used);

Scenario (transfer hose failure, pipe leak, vessel leak, overfilling, rupture disk/relief valve,
excess flow valve, other);

Quantity released (pounds);

Release rate (pounds per minute);

Duration of release (minutes) (if you used OCA guidance, indicate either 10 or 60 minutes);
Wind speed (meters per second) and stability class (3.0 meters per second and D stability if
you use OCA guidance, otherwise use typical meteorological conditions at your site);
Topography (rural or urban);

Distance to endpoint (miles, rounded to two significant digits);

Population within distance to endpoint (residential population rounded to two significant
digits);
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Chapter 12
Submitting Offsite Consequence Analysis Information for Risk Management Plan

Public receptors within the distance to endpoint (schools, residences, hospitals, prisons,
recreation areas, aomercial, office, oindustrial areas);

Environmental eceptors within the distance to endpoint (national or state parkstsfooe
monuments; officially degnated wildlife sanctuaries, preserves, or refuges; Federal

wilderness areas);

Passive mitigation measures considered (dikes, enclosures, berms, drains, sumps, other); and
Active mitigation measures considered (sprinkler system, deluge system, water curtain,
neutralization, excess flow valve, flares, scrublbmrsergency shutdown system, other).

12.3 RMP Data Required for Worst-Case Scenarios for Flammable Substances

For worst-case scenarios involving flammablestances, you #have to submit the following
information. See the Risk Marnamgent Plan Data Elementsii@e for complete instructions.

Chemical name;

Model used (OCA or industry-specific guidance reference tables or modeling; name of other
model used);

Scenario (vapor cloud explosion);

Quantity released (pounds);

Endpoint used (for vapor cloud explosions use 1 psi);

Distance to endpoint (miles, rounded to two significant digits);

Population within distance to endpoint (residential population rounded to two significant
digits);

Public receptors within the distance to endpoint (schools, residences, hospitals, prisons,
recreation areas, aumercial, office, oindustrial areas);

Environmental eceptors within the distance to endpoint (national or state parkstsfooe
monuments, officially designated wildlife sanctuaries, preserves, or refuges, Federal
wilderness areas); and

Passive mitigation measures considered (blast walls, other).

12.4 RMP Data Required for Alternative Scenarios for Flammable Substances

For alternative scenarios involving flammabléstances held above the threkl quantity in a
Program 2 or Program 3 process, you will have to submit the following information. See the Risk
Management Plan Data Elementgi@ for complete instructions.

April 12, 1999

Chemical name;

Model used (OCA or industry-specific guidance reference tables or modeling; name of other
model used);

Scenario (vapor cloud explosion, fireball, BLEVE, pool fire, jet fire, vapor cloud fire, other);
Quantity released (pounds);

Endpoint used (for vapor cloud explosions, the endpoint is 1 psi overpressure; for a fireball
the endpoint is 5 kw/f for 40 seconds. A lower flammability limit (expressed as a
percentage) may be listed as specified in NFPA documents or other generally recognized
sources; these are listed in the OCA Guidance);

Distance to endpoint (miles, rounded to two significant digits);
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Submitting Offsite Consequence Analysis Information for Risk Management Plan

Population within distance to endpoint (residential population rounded to two significant
digits);

Public receptors within the distance to endpoint (schools, residences, hospitals, prisons,
recreation areas, aomercial, office, oindustrial areas);

Environmental eceptors within the distance to endpoint (national or state parkstsfooe
monuments, officially designated wildlife sanctuaries, preserves, or refuges, Federal
wilderness areas);

Passive mitigation measures considered (e.g., dikes, fire walls, blast walls, enclosures,
other); and

Active mitigation measures considered (e.g., sprinkler system, deluge system, water curtain,

excess flow valve, other)

12.5 Submitting RMPs

EPA’s automated tool for submittirgMPs, RMP*Submit is available free from the EPCRAlihet
(on disk) or can be downloaded fremaw.epagov/ceppo/. TheRMP*Submit User's Manugirovides
detailed instructions for each datarakent. RMP*Submit does theoflowing:

Provides a usdriendly, PC-based RMP Submiss System available on diskettes and via
the Internet;

Uses a standards-based, open systems architecture so private companies can create
compatible software; and

Performs data quality checks, accept limited graphics, and provide on-line help including
defining data @ments and pwiding instructions.

The software runs on Windows 3.1 and above. There will not be a DOS or MAC version.

If you are unable to submit electronically for any reason, just fill out the Electronic Waiver form
available in thekMP*Submit User's Manuand send it in with your RMP. See RBP*Submit User’s
Manualfor more information on the Electronic Waiver.

12.6 Other Required Documentation

Besides the information you are required to submit in )RMP, you must maintain other records of
your offsite consequence analysis on site. UndéZER 68.39, you must maintain traléwing records:

April 12, 1999

For worst-case scenarios, a description of the vessel or pipelinetemdrsie selected as the
worst case, the assumptions anadgmeters used, and the rationale for selection.

Assumptions include any administrative controls and any passive mitigation systems that
were used to limit the quantity that could be released. You must document that anticipated
effects of these controls and systems on the release quantity and rate.

For alternative release scenarios, a description of the scenarios identified, the assumptions
and parameters used, and the rationale for selection of the specific scenarios. Assumptions
include any administrative controls and any passive mitigation systems that were used to
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limit the quantity that could be released. You must document that anticipated effects of
these controls and systems on the release quantity and rate.

. Documentation of estimated quantity released, release rate, and duration of the release.
. Methodology used to determine distance to an endpoint.
. Data used to estimate populations and environmestteptors potentially affected.

You are required to maintain these records for five years.
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APPENDIX A REFERENCES FOR CONSEQUENCE ANALYSIS
METHODS

Exhibit A-1 lists references that mayoprde useful information for modeling or calculation methods
that could be used in the offsite consequence analyses. This exhibit is not intended to be a complete listing of
references that may be used in the consequence analysis; any appropriate model or method may be used.
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Appendix A
References for Consequence Analysis Methods

Exhibit A-1
Selected References for Information on Consequence Analysis Methods

Center for Process Safety of the American Institute of Cheiaiggiheers (AIChE).Guidelines for
Evaluating the Characteristics of Vapor Cloud Explosions, Flash Fires, ai¥B& New York:
AIChE, 1994.

Center for Process Safety of the American Institute of Cheiiggiheers (AIChE) Guidelines for Use of
Vapor Cloud Dispersion ModelSecond Ed. New York: AIChE996.

Center for Process Safety of the American Institute of Cheiaiggiheers (AIChE)International
Conference and Workshop on Modeling and Mitigating the Consequences of Accidental Releases
of Hazardous MaterialsSeptember 26-29, 1995. New York: AIChE, 1995.

Federal Emergency Management Agency, U.S. Department of Trangpoith. Environmental Protection
Agency. Handbook of Chemical Hazard Analysis Procedur&S89.

Madsen, Warren W. and Robert C. Wagner. "An Accuratéddietiogy for Modeling the Giracteristics of
Explosion Effects."Process Safety Progresk3 (July 1994), 171-175.

Mercx, W.P.M., D.M. Johnson, and J. Puttock. "Validation of Scaling Techniques for Experimental Vapor
Cloud Explosion InvestigationsProcess Safety Progresk4 (April 1995), 120.

Mercx, W.P.M., R.M.M. van Wees, and G. Opsor. "Current Research at TNO on Vapor Cloud Explosion
Modelling." Process Safety Progresk? (October 1993), 222.

Prugh, Richard W. "Quantitative Evaluation of FirebalzBrds."Process Safety Progresk3 (April
1994), 83-91.

Scheuermann, Klaus P. "Studies About the Influence of Turbulence on the Course of Expl&smres$
Safety Progressl3 (October 1994), 219.

TNO Bureau for Industrial Safety, Netherlands Orgaiopaior Applied Scientific ResearciMethods for
the Calculation of the Physical Effect$he Hague, the Netherlands: Committee for the Prevention
of Disasters, 1997.

TNO Bureau for Industrial Safety, Netherlands Orgaiopaior Applied Scientific ResearciMethods for
the Calculation of the Physical Effects of the Escape of Dangerous Material (Liquids and. Gases)
Voorburg, the Netherlands: TNO (Commissioned by Directorate-General of Lab@i0),

TNO Bureau for Industrial Safety, Netherlands Orgaiopaior Applied Scientific ResearciMethods for
the Calculation of the Physical Effects Resulting from Releases of Hazardous MatRijsigjk,
the Netherlands: TNO (Commissioned by Directorate-General of Lali&93,

TNO Bureau for Industrial Safety, Netherlands Orgaiopaior Applied Scientific ResearciMethods for
the Determination of Possible Damage to People and Objects Resulting from Releases of
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Appendix A
References for Consequence Analysis Methods

Hazardous Materials Rijswijk, the Netherlands: TNO (Commissioned by Directorate-General of
Labour), 1992.

Touma, Jawad S., et al. "Performance Evaluation of Dense Gas Dispersion Maoleiedl of Applied
Meteorology 34 (March1995), 603-615.

U.S. Environmental Protection Agency, Federal Emergency Mamagg Agency, U.S. Department of
Transportation.Technical Guidance for Hazards Analysis, Emergency Planning for Extremely
Hazardous Substance®ecembe987.

U.S. Environmental Protection Agency, Office of Air Quality Planning and Standéfdekbook of
Screeninglechniques for Assessing Impacts of Toxic Air PollutaB®&A-450/4-88-009.
September 1988.

U.S. Environmental Protection Agency, Office of Air Quality Planning and Stand@uldance on the
Application of Refined Dispersion Models for Hazardous/Toxic Air ReleaBé&-454/R-93-002.
May 1993.

U.S. Environmental Protection Agency, Office of Pollution Prevention and Tokist&uwes Flammable
Gases and Liquids and Their HazardsPA 744-R-94-002. February 1994.
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APPENDIX B  TOXIC SUBSTANCES

B.1 Data for Toxic Substances

The exhibits in this section of Appendix B provide the data neededrpaut the calculains for
regulated toxic dostances usg the methods presented in the text of this guidance. Exhibit B-1 presents
data for toxic gases, Exhibit B-2 presents data for toxic liquids, and Exhibit B-3 presents data for several
toxic substances conunly found in water solution and for oleum. Exhibit B-4 provides temperature
correction factors that can be used to correct the release rates estimated for pool evaporation of toxic liquids
that are released at temperatures betweén 25 C°o 50 C.

The derivation of the factors presented in Exhibits B-1 - B-4 is discussed in Appendix D. The data
used to develop the factors in Exhibits B-1 and B-2 are primarily from Design Institute for Physical Property
Data (DIPPR), American Institute of Chemi&algineersPhysical and Thermodynamic Properties of Pure
Chemicals, Data CompilationOther sources, including the Nationaltaty of Medicine’s Hazalous
Substances Databank (HSDB) andKiwk-Othmer Encyclopedia of Chemici&chnologywere used for
Exhibits B-1 and B-2 if data were not available from the DIPPR conwilail he factors in Exhibit B-3
were developed using data primarily fréfarry's Chemical Engineers' Handboakd theKirk-Othmer
Encyclopedia of Chemicdlechnology The temperature correction factors in Exhibit B-4 were developed
using vapor pressure data derived from the vapor pressure coefficients iREiR &mpilaon.
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Exhibit B-1
Data for Toxic Gases

April 15, 1999

CAS Molecular | Ratio of Toxic Endpoint? Li quid Factor Density Gas Vepor Reference
Number Chemical Name Weght Specific Boiling Factor (DF) | Factor Pressure Tablé
Heats mg/L ppm Basis (LFB) (Boiling) (GF)* | @25°C psia)
7664-41-7| Ammonia (arflirousf 17.03 1.31 0.14 200 ERPG-2 0.073 0.71 14 145 yBuﬂ)
7784-42-1| Arsine 77.95 1.28 0.0019 0.6 EHS-LOC (IDLH 0.23 0.30 3 239 Densg
10294-34-5| Boron trichloride 117.17 1.15 0.019 2 EHS-LOC fTox 0.22 0.36 36 22.7 Dengge
7637-07-2| Boron trifluoride 67.81 1.20 0.029 10 EHS-LOC (IDLH 0.25 0.31 23 ' Densg
7782-50-5[ Chlorine 70.91 1.32 0.008y 3 ERPG-2 0.19 0.31 2p 113 Dens
10049-04-4| Chlorine dioxide 67.45 1.25 0.0038 1 EHS-LOC 0.15 0.3( 28 243 Denge
equivalent (IDLHY
506-77-4  Ganagen chloride 61.47 1.22 0.030 12 EHS-LOC 0.14 0.41 26 23.7 Densg
equivalent (ToxS‘
19287-45-7| Diborane 27.67 1.17 0.0011 1 ERPG-2 0.13 1.13 17 ' yeB[ﬁ‘o
75-21-8 | Etlylene oxide 44.05 1.21 0.090 50 ERPG-2 0.12 0.55 22 25.4 Dens{
7782-41-4| Fluorine 38.00 1.36 0.0039 2.5 EHS-LOC (IDLH 0.35 0.32 22 ' Dense
50-00-0 | Formaldejde (anlydrous§ 30.03 1.31 0.012 10 ERPG-2 0.10 0.59 19 75.2 Densg
74-90-8 | Hydroganic acid 27.03 1.30 0.011 10 ERPG-2 0.079 0.72 14 14.8 ymﬂ)
7647-01-0( Hdrogen chloride 36.46 1.40 0.030 20 ERPG-2 0.15 0.41 2] 684 Denseg}
(anhydrous§
7664-39-3 | Hdrogen fluoride 20.01 1.40 0.016 20 ERPG-2 0.066 0.51 16 17.7 mefo
(anhydrous§
7783-07-5| Hdrogen selenide 80.98 1.32 0.000646 0.4 EHS-LOC (IDLH) 0.21 0.25 31 151 Dens
7783-06-4| Hdragen sulfide 34.08 1.32 0.042 30 ERPG-2 0.13 0.51 2( 302 Dens¢
74-87-3 | Metlyl chloride 50.49 1.26 0.82 400 ERPG-2 0.14 0.48 24 83.2 Densg
74-93-1 | Metlyl mercatan 48.11 1.20 0.049 25 ERPG-2 0.12 0.55 23 29.2 Densel
10102-43-9| Nitric oxide 30.01 1.38 0.037 25 EHS-LOC (TLV 0.21 0.38 19 ' Densg
75-44-5| Phogene 98.92 1.17 0.00081L 0.2 ERPG-2 0.20 0.35 3 27.4 Dens§
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Exhibit B-1 (continued)

CAS Molecular | Ratio of Toxic Endpoint? Li quid Factor Density Gas Vepor Reference

Number Chemical Name Weght Specific Boiling Factor (DF) | Factor Pressure Tablé
Heats mg/L ppm Basis (LFB) (Boiling) (GF)* | @25°C psia)
7803-51-2 | Phgshine 34.00 1.29 0.0035 25 ERPG-2 0.15 0.66 20 567 Denseg
7446-09-5 [ Sulfur dioxide (apdrous) 64.07 1.26 0.0078 3 ERPG-2 0.16 0.33 27 58.0 Denssq
7783-60-0( Sulfur tetrafluoride 108.06 1.30 0.0092 2 EHS-LOC {Tox 0.25 0.2§ 36 293 Den
(at-73°C) TF
Notes

2 Toxic endpoints are specified in Appendix A to 40 CFR part 68 in units of mg/L. To convert from units of mg/L %o mg/nty,byuliR00. To onvert mg/L to
ppm, use the following equation:

Endpoing,, x 1,000 x 24.5
Molecular Weight

Endpoin,,,, =

b "Buoyant” in the Reference Table column refers to the tables for neutrally buoyant gases and vapors; "Dense" refdestintiaetsde gases and vapors. See
Appendix D, Section D.4.4, for more information on the choice of reference tables.

¢ See Exhibit B-3 of this appendix for data on water solutions.

d Gases that are lighter than air may behave as dense gases upon release if liquefied under pressure or cold; congides thierel@adie when choosing the
appropriate table.

¢ LOC is based on the IDLH-equivalent level estimated from toxicity data.

" cannot be liquefied at 25 C.

9Not an EHS; LOC-equivalent value was estimated from one-tenth of the IDLH.

_h Not an EHS; LOC-equivalent value was estimated from one-tenth of the IDLH-equivalent level estimated from toxicity data.

" Hydrogen fluoride is lighter than air, but may behave as a dense gas upon release under some circumstances (e.g., petsssga)ridgh concentration in the
released cloud) because of hydrogen bonding; consider the conditions of release when choosing the appropriate table.

' LOC based on Threshold Limit Value (TLV) - Time-weighted average (TWA) developed by the American Conference of Goverdostritd|Hygienists
(ACGIH).

K Use GF for gas leaks under choked (maximum) flow conditions.

April 15, 1999 B-3



Exhibit B-2
Data for Toxic Liquids

Vapor Toxic Endpoint? Li quid Factors Liquid Reference Tabl&
Molecular | Pressure Densiy Leak
CAS Chemical Name Weght at25°C | mgy ppm Basis Ambient | Boiling | Factor Factolr Worst | Alternative
Number (mm Hg) (LFA) (LFB) (DF) (LLF) Case Case
107-02-8 | Acrolein 56.06 274 0.0011 0.9 ERPG-2 0.04y 0.12 0.58 40 Denge Dens
107-13-1| Acylonitrile 53.06 108 0.076 35 ERPG-2 0.018 0.11 0.61 39 Dense Dense
814-68-6 | Acylyl chloride 90.51 110 0.0009 0.2l EHS-LOC (fox) 0.024 0.1p 0.44 54 Densg Dense
107-18-6 | Alyl alcohol 58.08 26.1 0.036 15 EHS-LOC (IDLH) 0046 0.11 0.58 41 Dense Byanf'
107-11-9 | Alylamine 57.10 242 0.0032 1 EHS-LOC (fox) 0.047 0.1p 0.64 3b Dens¢ Densg
7784-34-1| Arsenous trichloride 181.28 10 0.01 1 EHS-LOC {Tox) 0.00B7 0.p1 0|23 100 Derjse yanéuo
353-42-4  Boron trifluoride copound 113.89 11 0.023 5 EHS-LOC (Tox ) 0.003 0.16 0.4p 48 Dens¢ yaﬁsn‘i'o
with mettyl ether (1:1)

7726-95-6 | Bromine 159.81 212 0.006p 1 ERPG-2 0.078 0.23 0.16 150 Dense Densg
75-15-0 [ Carbon disulfide 76.14 359 0.16 5( ERPG-2 0.075 0.15 0.B9 b0 Denge Densli
67-66-3 [ Chloroform 119.34 196 0.49 10 EHS-LOC (IDLH) 0.05 0.19 0.33 71 Densg Dens

542-88-1 [ Chlorometi ether 114.96 29.4 0.00025 0.05 EHS-LOC (Tox) 0.0040 0.17 0.87 63 Denge Dens
107-30-2 | Chlorometfi methyl ether 80.51 199 0.0018 0.6 EHS-LOC (fox) 0.043 0.1p 0.46 5L Densge Denssq
4170-30-3[ Crotonaldgide 70.09 33.1 0.029 10 ERPG-2 0.0066 0.1p 0.58 i Densg  yahflo
123-73-9| Crotonaldsfile, (E)- 70.09 33.1 0.029 10 ERPG-2 0.006b 0.12 0.598 a Dense _yaBfio
108-91-8 | @clohexylamine 99.18 10.1 0.16 39 EHS-LOC (Tox) 0.002b 0.14 0.56 41 Dens¢ yahflo
75-78-5 | Dimetlyldichlorosilane 129.06 141 0.026 5 ERPG-2 0.04% 0.20 0.46 51 Densg Densg
57-14-7 | 1,1-Dimetylhydrazine 60.10] 157 0.012 5 EHS-LOC (IDLH) 0.028 0.12 0.6p 3 Densg Dense|
106-89-8 | pichlorohydrin 92.53 17.0 0.076 20 ERPG-2 0.004 0.14 0.4p 57 Densg yaBlﬁ'o
107-15-3 | Etllenediamine 60.10 12.2 0.49 20 EHS-LOC (IDLH) 0.002p 0.13 0.54 43 Dense yaBﬁo
151-56-4 | Etlleneimine 43.07 211 0.018 10 EHS-LOC (IDLH) 0.030 0.10 0.58 40 Densg Dense]
110-00-9| Furan 68.04 600 0.0012 0.4 EHS-LOC (Tox) 0.17 0.14 0.2 45 Denge Dens
302-01-2 | Hdrazine 32.05 14.4 0.011 8 EHS-LOC (IDLH) 0.0017 0.049 0.48 48 yBob | Buyanf
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Exhibit B-2 (continued)

Vapor Toxic Endpoint? Li quid Factors Liquid Reference Tabl&
Molecular | Pressure Densiy Leak
CAS Chemical Name Weght at25°C | mgy ppm Basis Ambient | Boiling | Factor Factolr Worst | Alternative
Number (mm Hg) (LFA) (LFB) (DF) (LLF) Case Case
13463-40-6| Ironpentacarboyi- 195.90 40 0.00044 0.05 EHS-LOC (Tox) 0.016 0.24 0.3 7 Densg Dense|
78-82-0 | Isobutronitrile 69.11 32.7 0.14 50 ERPG-2 0.0064 0.12 0.68 37 Densg yasfo
108-23-6 | Ispropyl chloroformate 122.55 28 0.10 20 EHS-LOC (fox) 0.0080 0.7 0.45 52 Dense Densg|
126-98-7 | Methagionitrile 67.09 71.2 0.0027 1 EHS-LOC (TEV) 0.014 0.12 0.61 38 Dense] Dense
79-22-1 [ Metlyl chloroformate 94.50 108 0.0014 0.5 EHS-LOC (Tox) 0.026 0.16 0.40 58 Denge Dens!
60-34-4 [ Metlyl hydrazine 46.07 49.6 0.0094 5 EHS-LOC (IDLH) 0.0074 0.094 0.596 4p Densg  yahflo
624-83-9 | Metlyl isocyanate 57.05 457 0.0017% 0.5 ERPG-2 0.079 0.13 0.52 45 Denge Dens
556-64-9 | Metlyl thiocyanate 73.12 10 0.085 29 EHS-LOC (fox) 0.002p 0.11 0.45 51 Dense yabflo
75-79-6 [ Metlyltrichlorosilane 149.48 173 0.018 3 ERPG-2 0.05] 0.2p 0.38 6[L Densg Dens{
13463-39-3| Nickel carbomh 170.73 400 0.00067  0.1| EHS-LOC (Tox) 0.14 0.24 0.3Y 63 Dens§ Dense
7697-37-2| Nitric acid (100%) 63.0 63.0 0.02 1 EHS-LOC {Tox) 0.01)2 0.]12 0.32 I3 Denge Densé
79-21-0 [ Peracetic acid 76.0 13.9 0.004 145  EHS-LOCYTox) 0.0029 0j12 d.40 58 Dense yanfBuo
594-42-3 | Perchloromegimercaptan 185.87 6 0.0076 1 EHS-LOC (IDLH) 0.0023 0.2(¢ 0.29 81 Dense yantb
10025-87-3| Phgshorus oychloride 153.33 35.8 0.003(¢ 0.5 EHS-LOC (fox) 0.012 0.20 0.49 80 Densg Densg
7719-12-2| Phgshorus trichloride 137.33 120 0.028 5 EHS-LOC (IDLH) 0.031% 0.2p 0.31 7b Densg Dense
110-89-4 | Pperidine 85.15 32.1 0.022 6 EHS-LOC (Tox) 0.0072 0.18 0.5[7 41 Dens¢ yabflo
107-12-0| Prpionitrile 55.08 47.3 0.0037 1.6] EHS-LOC (Tox) 0.008 0.10 0.6B 37 Dens¢  yedflo
109-61-5| Prpyl chloroformate 122.56 20.0 0.010 2 EHS-LOC (Tox) 0.0058 0.17 0.45 52 Dense yafflio
75-55-8 | Prpyleneimine 57.10] 187 0.12 50 EHS-LOC (IDLH) 0.032 0.12 0.6[L 39 Densg Dense|
75-56-9 [ Prpylene oxide 58.08 533 0.59 250 ERPG-2 0.098 0.13 0.9 40 Dense Denseg|
7446-11-9| Sulfur trioxide 80.06 263 0.014 3 ERPG-2 0.05f 0.15 0.26 91 Denge Dens
75-74-1 | Tetrametjilead 267.33 22.5 0.0040 0.4 EHS-LOC (IDLH) 0.011 0.29 0.24 96 Densg Dense
509-14-8 | Tetranitromethane 196.G 11.4 0.0040 0.5 EHS-LOC (IDLH 0.0045 0]22 0.30 78 Dense yantBuo
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Exhibit B-2 (continued)

Vapor Toxic Endpoint? Li quid Factors Liquid Reference Tabl&
Molecular | Pressure Densiy Leak
CAS Chemical Name Weght at25°C | mgy ppm Basis Ambient | Boiling | Factor Factolr Worst | Alternative
Number (mm Hg) (FA) | FB) | ®F) | LA | case Case
7550-45-0 | Titanium tetrachloride 189.69 12.4 0.020 2|6 ERPG-2 0.0048 0,21 (.28 82 Defse yanﬂSuo
584-84-9 [ Toluene 2,4-diispanate 174.16 0.017 0.007 1 EHS-LOC (IDLH) 0.0000006 0.16 0.40 9 yamfb | Buyanf
91-08-7 | Toluene 2,6-diisganate 174.16 0.05 0.007 1 EHS-LOC (IDLH 0.0000[L8 0.16 0.40 59  yahfb | Buganf
26471-62-5( Toluene diisganate 174.16| 0.017 0.007 1 EHS-LOdqliwalent | 0.000006 0.16 0.40 59 Byanf | Bugant
(ungpecified isomer) (DLH)
75-77-4 | Trimethichlorosilane 108.64 231 0.050] 11 EHS-LOC (Tox) 0.061 0.18 0.57 41 Dense Densg|
108-05-4 | Viryl acetate monomer 86.0p 113 0.26 7% ERPG-2 0.026 0.5 0453 A5 Denpge Dengp
Notes

2 Toxic endpoints are specified in the Appendix A to 40 CFR part 68 in units of mg/L. To convert from units of mg/L®to migply b;n@,000. To onvert mg/L
to ppm, use the following equation:

Endpoing,, x 1,000 x 24.5
Molecular Weight

Endpoin,,,, =

b "Buoyant” in the Reference Table column refers to the tables for neutrally buoyant gases and vapors; "Dense" refdestivtiaetsde gases and vapors. See
Appendix D, Section D.4.4, for more information on the choice of reference tables.

°LOC is based on IDLH-equivalent level estimated from toxicity data.

dUse dense gas table if substance is at an elevated temperature.

€ LOC based on Threshold Limit Value (TLV) - Time-weighted average (TWA) developed by the American Conference of Goverdosiritd|Hiygienists
(ACGIH).

" See Exhibit B-3 of this appendix for data on water solutions.

9YLOC for this isomer is based on IDLH for toluene 2,4-diisocyanate.

_h Not an EHS; LOC-equivalent value is based on IDLH for toluene 2,4-diisocyanate.

' Use the LLF only for leaks from tanks at atmospheric pressure.
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Exhibit B-3
Data for Water Solutions of Toxic Substances and for Oleum
For Wind Speeds of 1.5 and 3.0 Meters per Second (m/s)

Regulated Toxic Endpoint? Initial 10-min. Average Vgoor | Liquid Factor at 25 C | Densiy | Liquid Reference Tabl&
CAS Substance Molecular Concen- Pressure (mmd (LFA) Factor Leak
Number in Solution Weight tration (DF) Factor
mg/L | ppm Basis (Wt %) 1.5m/s 3.0 m/s 1.5m/s 3.0 m/g (LLF) Worst Alternati|we
7664-41-7| Ammonia 17.03 0.14 200 ERPG}2 30 332 248 0.026 0.019 0|55 13  yalud Bugant
24 241 184 0.019 0.014 0.54 44 Bramt Bugant
20 190 148 0.015 0.011 0.53 44 Buamt Bugant
50-00-0 | Formaldefde 30.027 0.012 10 ERPG-? 37 15 1.4 0.000p 0.0002 0.44 53 yaBitio Bugant
7647-01-0| Hdrochloric 36.46 0.030 20 ERPG-? 38 78 55 0.010 0.0070 041 57 Derjse _ yafilg
acd 37 67 48 0.0085 0.0062 0.42 57 Dense pant’
36° 56 42 0.0072 0.0053 0.42 57 Dense) part’
3¢ 38 29 0.0048 0.0037 0.42 56 Dense pant’
30° 13 12 0.0016 0.0015 0.42 55 Baot’ | Bugyant®
7664-39-3| Hdrofiuoric 20.01 0.016 20 ERPG-} 70 124 107 0.011 0.01p 0.39 6[L ydho Bugant
acd 50 16 15 0.0014 0.0013 0.41 58 Bramt Bugant
7697-37-2| Nitric acid 63.01 0.02¢ 10 EHS- 90 25 22 0.0046 0.0040 0.3 11 Dense _yaritfig)
(Ill_D?_(l-zi) 85 17 16 0.0032 0.0029 0.33 70 Dense pant’
80 10.2 10 0.0019 0.0018 0.33 70 Dense Para’
8014-95-7| Oleum - base( 80.06 0.010 3 ERPG-2 3Q(9§0) 3.5(%$0) 34 (FO) 0.Qoos 0/0007 0.25 93 yant®Blio Buyant®
on SQ (SQ)
Notes

2Toxic endpoints are specified in the Appendix A to 40 CFR part 68 in units of mg/L. See Notes to Exhibit B-1 or B-2 fimgtme¢her units.

b "Buoyant” in the Reference Table column refers to the tables for neutrally buoyant gases and vapors; "Dense" refdestivtiaetsde gases and vapors. See
Appendix D, Section D.4.4, for more information on the choice of reference tables.

¢ Hydrochloric acid in concentrations below 37 percent is not regulated.

¢ Use dense gas table if substance is at an elevated temperature.
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Temperature Correction Factors for Liquids Evaporating from Pools at Temperatures
Between 25 C and 50 @¢77°F and 122 F)

Exhibit B-4

Boiling Temperature Correction Factor (TCF)
CAS Chemical Name Point
Number (°C) 30°C 35°C 40 C 43 C 50 C
(86°F) (95°F) (102 F) (113 F) (122 F
107-02-8 | Acrolein 52.69 1.2 14 1.7 2.0 2.3
107-13-1| Acrylonitrile 77.35 1.2 15 1.8 2.1 25
814-68-6 | Acrylyl chloride 75.00 ND ND ND ND ND
107-18-6 | Allyl alohol 97.08 1.3 1.7 2.2 2.9 3.6
107-11-9 | Allylamine 53.30 1.2 15 1.8 2.1 25
7784-34-1| Arsaous trichloride 130.06 ND ND ND ND ND
353-42-4 | Boron trifluoride comgund with 126.85 ND ND ND ND ND
methyl ether (1:1)

7726-95-6 | Bromine 58.75 1.2 15 1.7 2.1 25
75-15-0 | Carbon disulfide 46.22 1.2 14 1.6 1.9 LFB
67-66-3 | Chloroform 61.18 1.2 15 1.8 2.1 25

542-88-1| Chloromethyl ether 104.8p 1.3 1.6 2.0 25 3.1
107-30-2 | Chloromethyl methyl ether 59.50 1.2 15 1.8 2.1 2.5
4170-30-3 | Crotonaldehyde 104.10 1.3 1.6 2.0 25 3.1
123-73-9 | Crotonaldehyde, (E)- 102.22 1.3 1.6 2.0 25 3.
108-91-8 | Cyclohexylamine 134.50 1.3 1.7 2.1 2.7 3.4
75-78-5 | Dimethyldichlorosilane 70.2 1.2 15 1.8 2.1 2.5
57-14-7 | 1,1-Dimethylhydrazine 63.90 ND ND ND ND ND
106-89-8 | Epichlorohydrin 118.5( 1.3 1.7 2.1 2.7 3.4
107-15-3 | Ethylenediamine 36.26 1.3 1.8 LFB LFB LFB
151-56-4 | Ethyleneimine 55.8¢1 1.2 15 1.8 2.2 2.7
110-00-9 | Furan 31.35 1.2 LFB LFB LFB LFB
302-01-2 | Hydrazine 113.5( 1.3 1.7 2.2 2.9 3.6
13463-40-6 | Iron, peatarbonyl- 102.65 ND ND ND ND ND
78-82-0 | Isobutyronitrile 103.61 1.3 1.6 2.0 25 3.1
108-23-6 | Isopropyl chloroformate 104.60 ND ND ND ND ND
126-98-7 | Methacrylonitrile 90.3( 1.2 15 1.8 2.2 2.6
79-22-1 | Methyl chloroformate 70.8% 1.3 1.6 1.9 2.4 2.9
60-34-4 | Methyl hydrazine 87.5( ND ND ND ND ND
624-83-9 | Methyl isocyanate 38.8b 1.2 1.4 LFB LFB LFB
556-64-9 | Methyl thiocyanate 130.0p ND ND ND ND ND
75-79-6 | Methyltrichlorosilane 66.4( 1.2 1.4 1.7 2.0 2.4
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Exhibit B-4 (continued)

Boiling Temperature Correction Factor (TCF)
CAS Chemical Name Point
Number (°C) 30°C 35°C 40 C 43 C 50 C
(86°F) (95°F) (102 F) (113 F) (122 F
13463-39-3| Nickel carbonyl 42.8% ND ND ND ND ND
7697-37-2 | Nitric acid 83.00 1.3 1.6 2.0 25 3.1
79-21-0 | Peracetic acid 109.8p 1.3 1.8 2.3 3.0 3.9
594-42-3 | Perchloromethylmercaptan 147.00 ND ND ND ND ND
10025-87-3| Phosphorus oxychloride 105.50 1.3 1.4 1.9 2.4 2
7719-12-2 ( Phosphorus trichloride 76.10 1.2 15 1.8 2.1 2.
110-89-4 | Piperidine 106.4( 1.3 1.6 2.0 2.4 3.0
107-12-0 | Propionitrile 97.35 1.3 1.6 1.9 2.3 2.8
109-61-5| Propyl chloroformate 112.4p ND ND ND ND ND
75-55-8 | Propyleneimine 60.8% 1.2 15 1.8 2.1 2.5
75-56-9 | Propylene oxide 33.90 1.2 LFB LFB LFB LFB
7446-11-9 | Sulfur trioxide 44.74 1.3 1.7 LFB LFB LFB
75-74-1 | Tetramethyllead 110.00 ND ND ND ND ND
509-14-8 | Tetranitromethane 125.10 1.3 1.7 2.2 2.8 3.4
7550-45-0 | Titanium tetrachloride 135.85 1.3 1.6 2.0 2.6 3.7
584-84-9 | Toluene 2,4-diisocyanate 251.00 1.6 2.4 3.6 5.3 7
91-08-7 | Toluene 2,6-diisocyanate 244.85 ND| ND| ND ND ND
26471-62-5| Toluene diisocyanate (unspecified 250,00 1p 214 3. 513 1
isomer)
75-77-4 | Trimethylchlorosilane 57.60 1.2 1.4 1.7 2.0 2.3
108-05-4 | Vinylacetate monomer 72.50 1.2 15 1.9 2.3 2.7
Notes
ND: No data available.
LFB:  Chemical above boiling point at this temperature; use LFB for analysis.
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Appendix B
Toxic Substances

B.2  Mixtures Containing Toxic Liquids

In case of a spill of a liquid mixture containing a regulated toxistsunce (with the excaph of
common water solutions, discussed in Section 3.3 in the text), the area of the pool formed by the entire liquid
spill is determined as described in Section 3.2.2 or 3.2.3. For the area determination, if the density of the
mixture is unknown, the density of the regulatelistance in the mixture may be assumed as the density of
the entire mixture.

If the partial vapor pressure of the regulateassance in the mixture ksnown, that vapor pressure
may be used to derive a release rate using the equations in Section 3.2. If the partial vapor pressure of the
regulated toxic dostance in the mixture imknown, it may be estimated from the vapor pressure of the pure
substance (listed in Exhibit B-2, Appdix B) and the concentration in the mixture, if you assume the mixture
is an ideal solution, where an ideal solution is one in which there is complete uniformity of cohesive forces.
This method may overestimate or underestimate the partial pressure for a regbltitcsuthat interacts
with the other components of a mixture or solution. For example, water solutions are generally not ideal.
This method is likely to overestimate the partial pressure of reguldisthages in watekition if there is
hydrogen bonding in the solution (e.g., solutions of acids or alcohols in water).

To estimate partial pressure for a regulatdastance in a mixture ophkition, use the following
steps, based on Raoult's Law for ideal solutions:

. Determine the mole fraidn of the regulated fistance in the mixture.

- The mole fragon of the regulated $istance in the mixture is the number of moles
of the regulated fastance in the mixturdivided by the total number of moles of all
substances in the mixture.

- If the molar concentration (moles per liter) of each component of the mixture is
known, the moldraction may be determined as follows:

X _ Mr X Vt
T B-1
M, x V) (B-1)

n
i=1

or (canceling out V):

(B-2)
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Appendix B
Toxic Substances

where: X = Mole fradon of regulated dastance in mixtureuhitless)
M, = Molar concentration of regulatedisstance in mixture (moles per liter)
V, = Total volume of mixture (liters)
n = Number of components of mixture
M, = Molar concentration of each component of mixture (moles per liter)

For a mixture with three components, this would correspond to:

X My
= B-3
TOM, M, M, (B-3)
where: X = Mole fradon of regulated dastance in mixtureuhitless)
M, = Molar concentration of regulatedisstance (first component) in mixture
(moles per liter)
M, = Molar concentration of second component of mixture (moles per liter)
M, = Molar concentration of any other components of mixture (moles per liter)

- If the weight of each of the components of the mixture is known, thefraot®n
of the regulated sistance in the mixture may be calculatedodisws:

Wr
v MW,
CT e W (B-4)
(W
i-1| MW
where: X = Mole fradbn of the regulated fistance

W, = Weight of the regulated batance
MW, = Molecular weight of the regulatedlsstance
n = Number of components of the mixture
W, = Weight of each component of the mixture
MW, = Molecular weight of each component of the mixture

(Note: Weights can be in any consistent units.)

For a mixture with three components, this corresponds to:

Wr
« MW,
- (B-5)
W) (W) (W
MW, MW, MW,
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Toxic Substances

where: X = Mole fracion of the regulated &stance
W, = Weight of the regulated batance (first component of the mixture)
MW, = Molecular weight of the regulatedtsiance
W, = Weight of the second component of the mixture
MW, = Molecular weight of the second component of the mixture
W, = Weight of the third component of the mixture
MW, = Molecular weight of the third component of the mixture

(Note: Weights can be in any consistent units.)

. Estimate the partial vapor pressure of the regulatlestance in the mixture aslliows:
VP = X x VPp (B-6)
where: VP, = Partial vapor pressure of thgulated sbstance in the mixture (himeters

of mercury (mm Hg))

Mole fraction of the regulated fistancenitless)

Vapor pressure of the regulatetbstance in pure form at the same
temperature as the mixture (mm Hg) (vapor pressure at 25 C is givenin
Exhibit B-1, Appendix B)

The evaporation rate for the regulatedsance in the mixture is determined as for pure substances,
with VP, as the vapor pressure. If the mixture contains more than one regulatediistdoel arry out
the analysis individually for each of the regulated components. The release rate equation is:

0.0035 xU%78 x MW?23 x A x VP

QR = (B-7)
where: QR = Evaporation rate (pounds per minute)
U = Wind speed (meters per second)
MW = Molecular weight (given in Exhibit B-2, Appendix B)
A = Surface area of pool formed by the entire quantity of the mixture (square
feet) (determined as described in 3.2.2)
VP = Vapor pressure (mm Hg) (VWP from Equation B-4 above)
T = Temperature (Kelvin (K); temperature®’in C pRi&3, or 298 for 253 C)

See Appendix D, Section D.2.1 for more discussion of the evaporation rate equation. Equation B-7
is derived from Equation D-1.

Worst-case consequence distances to the toxic endpoint may be estimated from the release rate using
the tables and instructions presented in Chapter 4.
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APPENDIXC FLAMMABLE SUBSTANCES

C.1 Equation for Estimation of Distance to 1 psi Overpressure for Vapor Cloud
Explosions

For a worst-case release of flammable gases and volatile flammable liquids, the release rate is not
considered. The total quantity of the flammable substance is assumed to form doumbor ke entire
contents of the cloud is assumed to be within the flammability limits, and the cloud is assumed to explode.
For the worst-case, analysis, 10 percent of the flammable vapor in the cloud is assumed to participate in the
explosion (i.e., the yield factor is 0.10). Consequence distances to an overpressure level of 1 pound per
square inch (psi) may be determined using the following equation, which is based on the TNT-equivalency

method:
HCf 1/3
D =17 x[ 0.1 xW, x (C-1)
f
( HCTNT]
where: D = Distance to overpressure of 1 psi (meters)
W, = Weight of flammable sastanceKilograms or pounsf2.2)
Hc = Heat of combustion of flammablelsianceKilojoules per kilogram)
(listed in Exhibit C-1)
HC,: = Heat of explosion of trinitrotoluene (TNT) 680kilojoules per kilogram)

The factor 17 is a constant for damages associated with 1.0 psi overpressures. The factor 0.1

represents an explosion efficiency of 10 percent. To convert distances from meters to miles, multiply
by 0.00062.

Alternatively, use the following equation for quantity in pounds and distance in miles:

1/3

HC,
HC

TNT

D, = 0.0081 X(O.l x W, % (C-2)

where: D, = Distance to overpressure of 1 psi (miles)
W, = Weight of flammable sastance (punds)

These equations were used to derive Reference Table 13 for worst-case distances to the overpressure
endpoint (1 psi) for vapor cloud explosions.

C.2  Mixtures of Flammable Substances

For a mixture of flammable substances, you may estimate the heat of dombtitie mixture from
the heats of combustion of the components of the mixture using the equation below and then use the equation
given in the previous section of this appendix to determine the vapor cloud explosion distance. The heat of
combustion of the mixture may be estimated as follows:
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W W
HC = —> xHC + — x HC (C-3)
W W, Y

m

where: HG = Heat of combustion of mixture (kilojoules per kilogram)
W, = Weight of component "X" in mixture (kilograms or posrizi2)
W, = Total weight of mixture (kilograms or powsi@.2)
HC, = Heat of combustion of component "X" (kilojoules per kilogram)
W, = Weight of component "Y" in mixture (kilograms or posrii2)
HC, = Heat of combustion of component "Y" (kilojoules per kilogram)

Heats of combustion for regulated flammablbstances are listed in Exhibit C-1 in the next section
(Section C.3) of this appendix.

C.3 Data for Flammable Substances

The exhibits in this section of Appendix C provide the data neededrtoout the calculains for
regulated flammable bgtances ugg the methods presented in the text of this guidance. Exhibit C-1
presents heat of combustion data for all regulated flammaltasices, Exhibit C-2 presentiddional data
for flammable gases, and Exhibit C-3 presents additional data for flammable liquids. The heats of
combustion in Exhibit C-1 and the data used to develop the factors in Exhibits C-2 and C-3 are primarily
from Design Institute for Physical Property Data, American Institute of Chemical EngiPlegsg;al and
Thermodynamic Properties of Pure Chemicals, Data Compilatidre derivation of the factors presented
in Exhibits C-2 and C-3 is discussed in Appendix D.
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Exhibit C-1

Heats of Combustion for Flammable Substances

April 15, 1999

Physical Heat of
CAS No. Chemical Name State Combustion
at25 C (kjoule/kg)
75-07-0 Acetaldehyde Gas 25,07
74-86-2 Acetylene [Ethyne] Gas 48,22p
598-73-2 Bromotrifioroethylene [Ethene, bromotrifluoro-] Gas 967
106-99-0 1,3-Butadiene Gas 44 548
106-97-8 Butane Gas 45,719
25167-67-3 Butene Gas 45,200
590-18-1 2-Butene-cis Gas 45,171
624-64-6 2-Butene-trans [2-Butene, (E)] Gas 45,069
106-98-9 1-Butene Gas 45,29p
107-01-7 2-Butene Gas 45,100
463-58-1 Carbon oxysulfide [Carbon oxide sulfide (COS)] Gas 128,
7791-21-1 @lorine monoxide [Chlorine oxide] Gas 1,011
590-21-6 1-@loropropylene [1Propene, 1idoro-] Liquid 23,000
557-98-2 2-@loropropylene [4Propene, 24doro-] Gas 22999
460-19-5 Cynogen [Ethanedinitrile] Gas 64
75-19-4 Cyclopropane Gas 46,56
4109-96-0 Diblorosilane [Silane, dichloro-] Gas 225
75-37-6 Difluoroethane [Ethane, 1,1-difluoro-] Gas 484,
124-40-3 Dimethylamine [Methanamine, N-methyl-] Gas 35,813
463-82-1 2,2-DimethylpropanfPropane, 2,2-dimethyl-] Gas 4;R1
74-84-0 Ethane Gas 47,509
107-00-6 Ethyl acetylene [1-Butyne] Gas 45,565
75-04-7 Ethylamine [Ethanamine] Gas 35,210
75-00-3 Ethyl chloride [Ethane, chloro-] Gas qa©r
74-85-1 Ethylene [Ethene] Gas 47,145



Exhibit C-1 (continued)

Physical Heat of
CAS No. Chemical Name State Combustion
at25 C (kjoule/kg)
60-29-7 Ethyl ether [Ethane, 1,1'-oxybis-] Liquid 33,715
75-08-1 Ethyl mercaptan [Ethanethiol] Liquid 8
109-95-5 Ethyl nitrite [Nitrous acid, ethyl ester] Gas 18,000
1333-74-0 Hydrogen Gas 119,95“)
75-28-5 Isobutane [Propane, 2-methyl] Gas 546,
78-78-4 Isopentane [Butane, 2-methyl-] Liquid 449011
78-79-5 Isoprene [1,3-Butadiene, 2-methyl-] Liquid 43,89
75-31-0 Isopropylamine [2-Propanamine] Liquid 288
75-29-6 Isopropyl chlorid¢Propane, 24gloro-] Liquid 23,720
74-82-8 Methane Gas 50,028
74-89-5 Methylamine [Methanamine] Gas 31,396
563-45-1 3-Methyl-1-butene Gas 44 559
563-46-2 2-Methyl-1-butene Liquid 44,414
115-10-6 Methyl ether [Methane, oxybis-] Gas 28,85
107-31-3 Methyl formate [Formic acid, methyl ester] Liquid 15,385
115-11-7 2-Methylpropene {Rropene, 2-methyl-] Gas D85
504-60-9 1,3-Pentadiene Liquid 43,834
109-66-0 Pentane Liquid 44 69\
109-67-1 1-Pentene Liquid 44 620
646-04-8 2-Pentene, (E)- Liquid 44,458
627-20-3 2-Pentene, (2)- Liquid 44,520
463-49-0 Propadiene [tRropadiene] Gas 4832
74-98-6 Propane Gas 46,338
115-07-1 Propylene {Propene] Gas 4862
74-99-7 Propyne [1-Propyne] Gas 165
7803-62-5 Silane Gas 44 30[f
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Exhibit C-1 (continued)

Physical Heat of
CAS No. Chemical Name State Combustion
at25 C (kjoule/kg)
116-14-3 Tatafluoroethylene [Ethene, tafluoro-] Gas 1284
75-76-3 Tetramethylsilane [Silane, tetramethyl-] Liquid 41,7
10025-78-2 | Triblorosilane [Silane, trichloro-] Liquid 354
79-38-9 Trifluorochloroethylene [Ethene, chlorotrifluoro-| Gas 837,
75-50-3 Trimethylamine [Methanamine, N,N-dimethyl-] Gas 37,9
689-97-4 Vinyl acetylene [1-Buten-3-yne] Gas 857
75-01-4 Vinyl chloride [Ethene, chloro-] Gas 3483
109-92-2 Vinyl ethyl ether [Ethene, ethoxy-] Liquid N9
75-02-5 Vinyl fluoride [Ethene, fluoro-] Gas 135
75-35-4 Vinylidene chloride [Ethene, 1,1-dichloro-] Liquid I
75-38-7 Vinylidene fluoride [Ethene, 1,1-difluoro-] Gas aay,
107-25-5 Vinyl methyl ether [Ethene, methoxy-] Gas 309

12

78

" Estimated heat of combustion
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Exhibit C-2
Data for Flammable Gases

Ratio of Flammability Gas Liquid Density Pool Fire Flash
CAS _ Molet;ular Specific Limits (Vol %) LFL Factorq Fagtpr Fac_tgr Referenge Factor Fraction
Number Chemical Name Weght Heats Lower Upper (mg/L) (GF)* B(E:I:lg)g (B‘((Slllzr)] 0) Table (PFF) (I;z::cé;)fr
(LFL) UFL
75-07-0 | Acetaldehyde 44.05 1.18 4.0 60.0 72 22 0.17 0.67 Dense 27 0.018
74-86-2 | Acetylene 26.04 1.23 2.5 80.0 27 17 0.12 0.78 BuByamt 4.8 f0.28
598-73-2 | Bromotrifluoroethylene 160.92 1.11 ¢ 37.0 ¢ °41 6.25 ©.29 Dense °0.42 °o0.l5
106-99-0 | 1,3-Butadiene 54.09 1.12 2.0 11.5 44 24 0.14 0.7 Dense 5[5 0J1L5
106-97-8 | Butane 58.12 1.09 1.5 9.0 36 25 0.14 0.81] Dense 5.9 0.15
25167-67-3| Butene 56.11 1.10 1.7 9.5 39 24 0.14] 0.77] Dense 5.6 0.4
590-18-1 [ 2-Butene-cis 56.11 1.12 1.6 9.7 37 24 0.14 0.7§ Dense 5.6 0.f11
624-64-6 | 2-Butene-trans 56.11 1.11 1.8 9.7 41 24 0.14 0.71 Densg 5[6 0jL2
106-98-9 | 1-Butene 56.11 1.11 1.6 9.3 37 24 0.14 0.78 Dense 5.7 0.47
107-01-7 | 2-Butene 56.11 1.10 1.7 9.7 39 24 0.14 0.77] Dense 5.6 0.32
463-58-1 | Cdon oxysulfide 60.08 1.25 12.0 29.0 290 26 0.18 0.41 Dense 1. 0.2P9
7791-21-1| Chlorine wnoxide 86.91 1.21 23.5 NA 830 31 0.19 NA Dense 0.15 NA
557-98-2 [ 2-Chlorompylene 76.53 1.12 4.5 16.0 140 29 0.16 0.54 Dense 3.3 0.0fi1
460-19-5| Cyaogen 52.04 1.17 6.0 32.0 130 24 0.15 0.51 Dense 2.5 0.4p
75-19-4 | Cyclopropane 42.08 1.18 2.4 10.4 41 22 0.13 0.72 Dense 54 0.R3
4109-96-0 | Dichlorosilane 101.01 1.16 4.0 96.0 16( 33 0.20 0.4( Dense 1[3 0.(184
75-37-6 | Difluoroethane 66.05 1.14 3.7 18.0] 100 27| 0.17] 0.48 Dense 16 0.3
124-40-3 | Dimethylamine 45.08 1.14 2.8 14.4] 52 22 0.12] 0.73 Dense 3.F 0.9P0
463-82-1 | 2,2-Dimethylpropane 72.15 1.07 14 7.5 41 27 0.16 0.8 Dens¢ 6|4 ojfL1
74-84-0 | Ethane 30.07 1.19 2.9 13.0 36 18 0.14 0.89 Dense 5.4 0.15
107-00-6 | Ethyl acetylene 54.09 1.11 2.0 32.9 44 24 0.13 0.73 Dense 5[4 0.(91
75-04-7 | Ethylamine 45.08 1.13 3.5 14.0 64 22 0.12 0.71] Dense 3.6 0.0#0
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Exhibit C-2 (continued)

Ratio of Flammability Gas Liquid Density Pool Fire Flash
CAS _ Molet;ular Specific Limits (Vol %) LFL Factorq Fagtpr Fac_tgr Referenge Factor Fraction
Number Chemical Name Weght Heats Lower Upper (mg/L) (GF)* B(E:I:lg)g (B‘((Slllzr)] 0) Table (PFF) (I;z::cé;)fr
(LFL) UFL
75-00-3 | Ethyl chloride 64.51 1.15 3.8 154 100 27 0.15 0.53] Dense 2.6 0.gp3
74-85-1 | Ethylene 28.05 1.24 2.7 36.0 31 18 0.14 0.85] Buayamt 5.4 f0.6p
109-95-5 | Ethyl nitrite 75.07 1.30 4.0 50.0 120 30 0.16 0.54 Dense 2. N
1333-74-0 | Hydrogen 2.02 1.41 4.0 75.0 3.3 5.0 ¢ ¢ ¢ ¢ NA
75-28-5 | Isobutane 58.12 1.09 1.8 8.4 43 25 0.15] 0.82 Dense 6.p 0.43
74-82-8 | Methane 16.04 1.30 5.0 15.0 33 14 0.15 1.1 Buoyant 5.4 Tody
74-89-5 | Methylamine 31.06 1.19 4.9 20.7 62 19 0.10 0.70 Dense 2.7 0.42
563-45-1 [ 3-Methyl-1-butene 70.13 1.08 1.5 9.1 43 26 0.1§ 0.77 Dense 60 0.030
115-10-6 | Methyl ether 46.07 1.15 3.3 27.3 64 22 0.14 0.66] Dense 3.4 0.42
115-11-7 | 2-Methylpropene 56.11 1.10 1.8 8.8 41 24 0.14 0.77 Dense 5[7 0/18
463-49-0 | Propadiene 40.07 1.16 2.1 2.1 34 21 0.13 0.73 Dense 52 0420
74-98-6 | Propane 44.10 1.13 2.0 9.5 36 22 0.14 0.83 Dense 5.f 0.848
115-07-1 | Popylene 42.08 1.15 2.0 11.0 34 21 0.14 0.79 Dense 5.5 0.3p
74-99-7 | Propyne 40.07 1.16 1.7 39.9 28 21 0.12 0.72 Dense 4.9 0.18
7803-62-5 | _Silane 32.12 1.24 © ¢ c f9 ° © Dense ° 0.41
116-14-3 | Tetrafluoroethylene 100.02 1.12 11.4 60. 45 38 0.2 0.3p Densg 0§25 Q|69
79-38-9 | Trifluorochloroethylene 116.47 1.11 8.4 38.7 40 35 0.24 0.3 Dense 0.84 0|R7
75-50-3 | Trimethylamine 59.11 1.10 2.0 11.6 48 25 0.14 0.74 Dense 4.8 0.412
689-97-4 [ Vinyl acetylene 52.08 1.13 2.2 31.7] 47 24 0.13] 0.69 Dense 5.4 0.086
75-01-4 | Vinyl chloride 62.50 1.18 3.6 33.0 92 26 0.16 0.50 Dense 2.4 0.1
75-02-5 | Vinyl fluoride 46.04 1.20 2.6 21.7 49 23 0.17 0.57 Dense 0.28 0.3y
75-38-7 | Vinylidene fluoride 64.04 1.16 5.5 21.3 140 27 0.22 0.42] Dense 1.8 0.$0
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Exhibit C-2 (continued)

Ratio of Flammability Gas Liquid Density Pool Fire Flash
CAS Molecular Specific Limits (Vol %) LFL Factor Factor Factor Reference Factor Fraction
Number Chemical Name Weght Heats (mg/L) (GF)® Boiling (Boiling) Table® (PFF) Factor
Lower Upper (LFB) (DF) (FFF)f
(LFL) UFL
107-25-5 | Vinyl methyl ether 58.08 1.12 2.6 39.0] 62 25 0.17 0.57 Dense 3.F 0.0p3

Notes

NA: Data not available
4"Buoyant" in the Reference Table column refers to the tables for neutrally buoyant gases and vapors; "Dense" refelestiotigetzde gases and vapors. See
Appendix D, Section D.4.4, for more information on the choice of reference tables.
® Gases that are lighter than air may behave as dense gases upon release if liquefied under pressure or cold; consioles tifeeleade when choosing the
appropriate table.
¢ Reported to be spontaneously combustible.
4 Much lighter than air; table of distances for neutrally buoyant gases not appropriate.
¢ Pool formation unlikely.
" calculated at 298 K (25 C) with the following exceptions:
Acetylene factor at 250 K as reported in TNMBsthods for the Calculation of the Physical Effects of the Escape of Dangerous Maiegia).
Ethylene factor calculated at critical temperature, 282 K.
Methane factor calculated at critical temperature, 191 K.
Silane factor calculated at critical temperature, 270 K.
9 Use GF for gas leaks under choked (maximum) flow conditions.
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Exhibit C-3
Data for Flammable Liquids

Flammability Limit LFL Li quid Factors Density Liquid Leak Reference Pool Fire

CAS Chemical Name Molecular (Vol%) (mg/L) Factor Factor Table® Factor

Number Weight (LLF)? (PFF)
Lower Upper Ambient Boiling
(LFL) (UFL) (LFA) (LFB)

590-21-6 [ 1-Chlorompylene 76.53 4.5 16.0 140 0.11 0.15 0.52 45 Dense 3.
60-29-7 | Ethyl ether 74.12 1.9 48.0 57 0.11 0.15 0.69 34 Dense 4.
75-08-1 | Ethyl mercaptan 62.14 2.8 18.0 71 0.10 0.13 0.58] 40 Dense 3B
78-78-4 | Isopentane 72.15 1.4 7.6 41 0.14 0.15 0.79 30 Dense 61
78-79-5 | Isoprene 68.12 2.0 9.0 56 0.11 0.14 0.72 32 Dense 5.
75-31-0 | Isopropylamine 59.11 2.0 10.4 48 0.10 0.13 0.71 33 Dense 40
75-29-6 | Isopropyl chloride 78.54 2.8 10.7 90 0.11 0.1§ 0.57 41 Dense 3.

563-46-2 [ 2-Methyl-1-butene 70.13 1.4 9.6 40 0.12 0.15 0.75 31 Dense 58

107-31-3 | Methyl formate 60.05 59 20.0 140 0.10 0.13 0.50 46 Dense l.U!

504-60-9 [ 1,3-Pentadiene 68.12 1.6 13.1 44 0.07[ 0.1 0.73 33 Dense 5[3

109-66-0 [ Pentane 72.15 1.3 8.0 38 0.10 0.15 0.78 30 Dense 518

109-67-1 | 1-Pentene 70.13 15 8.7 43 0.13 0.15 0.77] 31 Dense 518

646-04-8 [ 2-Pentene, (E)- 70.13 1.4 10.6 40 0.10] 0.1% 0.74 31 Dense 516

627-20-3 [ 2-Pentene, (2)- 70.13 1.4 10.6 40 0.10 0.1 0.7 31 Dense 5|b
75-76-3 | Tetramethylsilane 88.23 15 NA 54 0.17 0.17 0.59 40 Dense 6.

10025-78-2 [ Trichlorosilane 135.45 1.2 90.5 66 0.18 0.23 0.37] 64 Dense 0.¢48

109-92-2 | Vinyl ethyl ether 72.11 1.7 28.0 50 0.10 0.15 0.65 36 Dense 4.

75-35-4 | Vinylidene chloride 96.94 7.3 NA 290 0.15 0.18 0.44 54 Dense 1.6
Notes:

NA: Data not available.
&Use the LLF only for leaks from tanks at atmospheric pressure.
®"Dense” in the Reference Table column refers to the tables for dense gases and vapors. See Appendix D, Section .4nfprimititr on the choice of
reference tables.
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APPENDIX D TECHNICAL BACKGROUND
D.1  Worst-Case Release Rate for Gases

D.1.1 Unmitigated Release

The assumption that the total quantity of toxic gas is released in 10 minutes is the same assumption
used in EPA'Sechnical Guidance for Hazards Analy§i987).

D.1.2 Gaseous Release Inside Building

The mitigation factor for gaseous release inside a building is based on a documentRistitled,
Mitigation in Land Use Planning: Indoor Releases of Toxic Ga®e$S.R. Porter. This paper presented
three release scenarios and discussed the mitigating effects that would occur in a building with a volume of
1,000 cubic meters at three differenilding air exchange rates. There is a concern that a building may not
be able to withstand the pressures of a very large release. However, this paper indicated that release rates of
at least 2,000quinds per minute could be withstood by a building.

Analyzing the data in this paper several ways, the value of 55 permerged as represerg the
mitigation that could occur for a release scenario into a building. Data are provided on the maximum release
rate in a building and the maximum release rate from a building. Making this direct comparison at the lower
maximum release rate (3.36 kg/s) gave a release rate from the building of 55 percent of the release rate into
the building. Using information provided on another maximum release rate (10.9 kg/min) and accounting for
the time for the release to accumulate in the building, approximately 55 paresnged again.

The choice of building ventilation rataffects the results. The paper presented mitigation for three
different ventilation rates, 0.5, 3, and 10 air changes per hour. A ventilation rate of 0.5 changes per hour is
representative of specially designed, “gas-tight” buildings, based on the Porter reference. EPA decided that
this ventilation rate was appropriate for this analysis. A mitigation factor of 55 percent may be used in the
event of a gaseous release which does not destroy the building into which it is released. This factor may
overstate the mitigation provided by a building with a higher ventilation rate.

For releases of ammonia, chlorine, and sulfur dioxide, factors specific to the chemicals, the
conditions of the release, and building ventilation rates have been developed to estimate mitigation of releases
in buildings. For information on these factors and estimation of mitigated release raBes;kege
Information for the Hazard Assessments in the RMP Offsite Consequence Analysis Guidance, the
Guidance for Wastewater Treatment Facilities and the Guidanc&nfononia Refrigeration - Anhydrous
Ammonia, Agueoudmmonia, Chlorine and Sulfur Dioxid&ee also the industry-specific guidance
documents for ammonia refrigeration and POTWSs.

D.2 Worst-Case Release Rate for Liquids

D.2.1 Evaporation Rate Equation

The equation for estimating the evaporation rate of a liquid from a pool is frohe¢heical
Guidance for Hazards Analysi8ppendix G. The same assumptions are made for determination of
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maximum pool area (i.e., the pool is assumed to be 1 centimédB (@et) deep). The evapaost rate

equation has been modified to include a different mass transfer coefficient for water, the reference compound.
For this document, a value of 0.67 centimeters per second is used as the mass transfer coefficient, instead of
the value of 0.24 cited in theechnical Guidance for Hazards Analysithe value of 0.67 is based on

Donald MacKay and Ronald S. Matsugu, "Evaporation Rates of Liquid Hydrocarbon Spills on Land and
Water,"Canadian Journal of Chemical Engineerjrigugust1973, p. 434. The evapoiat equation

becomes:

0.284 xU%78 x MW?2B x A x VP

QR 82.05 xT (B-1)
where: QR = Evaporation rate (pounds per minute)

U = Wind speed (meters per second)

MW = Molecular weight (given in Exhibits B-1 and B-2, Appendix B, for toxic
substances and Exhibits C-2 and C-3, Aqujpe C, for flammable
substances)

A = Surface area of pool formed by the entire quantity of the mixture (square
feet) (determined as described in Section 3.2.2 of the text)

VP = Vapor pressure (mm Hg)

T = Temperature of released substancé\ii€K); temperature ii C plug73,

or 298 for 25 C)

D.2.2 Factors for Evaporation Rate Estimates

Liquid Factors The liquid factors, Liquid Factor Ambient (LFA) and Liquid Factor Boiling &),
used to estimate the evaporation rate from a liquid pool (see Section 3.2 of this guidance document), are
derived as described in tiiechnical Guidance for Hazards Analységpendix G, with the following
differences:

. The mass transfer coefficient of water is assumed to be 0.67, as discussed above; the value
of the factor that includes conversion factors, the mass transfer coefficient for water, and the
molecular weight of water to the one-third power, given 88@®in theTechnical Guidance
is 0.284 in thigguidance.

. Density of all substances was assumed to be the density of watef actirecal Guidance
the density was included in the liquid factors. For this guidance document, density is not
included in the LFA and LFB values presented in the tables; insteadyrategpensity
Factor (DF) (discussed below) is provided to be used in the evaporation rate estimation.

With these modifications, the LFA is:

0.284 x MW?Z? x VP
LFA = D-2
82.05 x 298 (B-2)

where: MW = Molecular weight
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VP = Vapor pressure at ambient temperature (mm Hg)
298 K(25°C) = Ambient temperature and temperature of released substance
LFB is:
0.284 x MW?3 x 760
LFB = D-3
82.05 xBP (B-3)
where: MW Molecular weight

760
BP

Vapor pressure at boiling temperature (mm Hg)
Boiling point (K)

LFA and LFB values were developed for all toxic and flammable regulated liquids, and LFB values,
to be used for analysis of gases liquefied by refrigeration, were developed for toxic and flammable gases.

Density Factar Because some of the regulated liquids have densities very different from that of
water, the density of each substance was used to develop a Density Factor (DF) for the deteaminat
maximum pool area for the evaporation rate estimation. DF values were developed for toxic and flammable
liquids at ambient temperature and for toxic and flammable gases at their boiling points. The density factor
is:

1

~ d x 0.033 (D-4)
where: DF = Density factor (1/(Ibs/ft ))

d = Density of the substance inynds per cubic foot

0.033 = Depth of pool for maximum area (feet)

Temperature Correction Factof®emperature correction factors were developed for toxic liquids
released at temperatures abové 25 C, the temperature used for development of the LFAs. The temperature
correction factors are based on vapor pressures calculated from the coefficients prdRiigesical and
Thermodynamic Properties of Pure Chemicals, Data Compilatieveloped by the Design Institute for
Physical Property Data (DIPPR), American Institute of Cherkingineers. The factors are calculated as
follows:

VP, x 298

VP, X T

TCF, = (D-5)

where: TCR = Temperature Correction Factor at temperature T
VP, = Vapor pressure at temperature T
VP, = Vapor pressure at 298 K
T = Temperature (K) of released substance

Factors were developed at intervals 6f 5 C for temperatures ug’to 50 C.
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No correction factor wasegmed necessary for changes in the density of gagated toxic liquids
with changes in temperature, although the density aitédt the pool area and release rate estimates.
Analysis of the temperature dependence of the density of these liquids indicated that the changes in density
with temperature were very small compared to the changes in vapor pressure with temperature.

D.2.3 Common Water Solutions and Oleum

Water solutions of regulated toxictsiances must be analyzed somewhat differently from pure toxic
liquids. Except for solutions of relatively low concentration, the evaporation rate varies with the
concentration of the solution. At one specific concentration, the composition of the liquid does not change as
evaporation occurs. For concentrated solutions of volatistances, the evapoiat rate from a pool may
decrease, very rapidly in some cases, as the toxgtancesolatilizes and its concentration in the pool
decreases. To analyze these changes, EPA used spreadsheets to estimate the vapor pressure, concentration,
and release rate at various time intervals for regulated tdxatamces in wateokition evaporating from
pools. In addition to the spreadsheet analysis, EPA used the ALOHA model with an additional step-function
feature (not available in the public version). With this step-function feature, changes in the release rate could
be incorporated and the effects of these changes on the consequence distance analyzed. The results of the
spreadsheet calculations and the model were found to be in geedhagt. The distance results obtained
from the spreadsheet analysis and the model for various solutions were compared with the results from
various time averages to examine the sensitivity of the results. An averaging time of 10 minutes was found to
give reasonable agement with the step-funch model for most dastances at verus concentrations. The
spreadsheet analysis also indicated that the first 10 minutes of evaporation was the most important, and the
evaporation rate in the first 10 minutes likely could be used to estimate the distance to the endpoint.

Oleum is a solution of sulfur trioxide in sulfuric acid. Sulfur trioxide evaporating from oleum
exhibits release characteristics similar to those of todistsmces evapoiag from water solutions.
Analysis of oleum releases, therefore, was carried out in the same way as foolutiterss

NOAA developed a computerized calculation method to estimate partial vapor pressures and release
rates for regulated toxic bstance in@lution as a function of concentration, based on vapor pressure data
from Perry's Chemical Engineers' Handboakd other sources. Using this method and spreadsheet
calculations, EPA estimated partial vapor pressures and evaporation rates at one-minute intervals over 10
minutes for solutions of various concentrations. The 10-minute time period was chosen based on the
ALOHA results and other calculations. For each one-minute interval, EPA estimated the concentration of the
solution based on the quantity evaporated in the previous interval and estimated the partial vapor pressure
based on the concentration. These estimated vapor pressures were used to calculate an average vapor
pressure over the 10-minute period; this average vapor pressure was used to derive Liquid Factor Ambient
(LFA) values, as described above for liquids. Use of these factors is intended to give an evaporation rate that
accounts for the decrease in evaporation rate expected to take place as the solution evaporates.

Density Factors (DF) were developed for solutions of various concentrations from Eeteyla
Chemical Engineers' Handboakd other sources, as discussed above for liquids.

Because solutions do not have defined boiling points, EPA did not develop Liquid Factor Boiling

(LFB) values for slutions. As a simple and conservative approach, the quantity of a regulageghse in a
solution at an elevated temperatures is treated as a fstaste. The LFB for the pure substance, or the
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LFA and a temperature correction factor, is used to estimate the initial evaporation rate of the regulated
substance from thekition. Only the first 10 minutes of evaporation are considered, as for solutions at
ambient temperatures, because the release rate would decrease rapidlytesdaheesevaporates and the
concentration in the solution decreases. This approach will likely give an overestimate of the release rate and
of the consequence distance.

D.2.4 Releases Inside Buildings

If a liquid is released inside a building, its release to the outside air will be mitigated in two ways.
First, the evaporation rate of the liquid may be much lower inside a building than outside. This is due to wind
speed, which directly affects the evaporation rate. The second mitigating factor is that the building provides
resistance to discharge of contaminated air to the outdoors.

In this method, a conservative wind speed, U, of 0.1 meter per second (m/s) was assumed in the
building. (See end of text for a justification of this wind speed.) For a release outdoors in a worst-case
scenario, U is set to 1.5 m/s, and for an alternative scenario, U is set to 3 m/s. The evaporation rate equation
is:

QR = U%® x (LFA, LFB) x A (D-6)
where: QR = Release rate (pounds per minubs(inin))
U = Wind speed (meters per second (m/s))
LFA = Liquid Factor Ambient
LFB = Liquid Factor Boiling
A = Area of pool (square feet{ft ))

As can be seen, if U inside a building is only 0.1, then the evaporation rate inside a building will be much
lower than a corresponding evaporation rate outside (assuming the temperature is the same). The rate will
only be (01/1.5Y78, about 12 percent of the rate for a worst case, and f6%1/3) , about seven percent of the
rate for an alternative case.

The evaporated liquid mixes with and contaminates the air in the building. What EPA is ultimately
interested in is the rate at which this contaminated air exits the building. In order to calculate the release of
contaminated air outside the building, EPA adapted a method from an UK HeaBhfatydExecutive paper
entitled,Risk Mitigation in Land Use Planning: Indoor Releases of Toxic GageS.R. Porter. EPA
assumed that the time for complete evaporation of the liquid pool was one hour. The rate at which
contaminated air was released from the building during liquid evaporation (based on the paper) was assumed
to be equal to the evaporation rate plus the building ventilation rate (no pressure buildup in building). The
building ventilation rate was set equal to 0.5 air changes per hour. This ventilation rate is representative of a
specially designed, “gas-tight” building. (The mitigation factor developed based on this type of building
would overstate the mitigation provided by a building with higher ventilation rates.) EPA used a building
with a volume of 1900 cubic meters (in ) and ladr area oR00 nt (2,152 ft ) as an example for this
analysis. EPA assumed that the liquid pool would cover the entire building floor, representing a conservative
scenario.
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To provide a conservative estimate, EPA calculated the evaporation rate for a spill of a volatile
liquid, carbon disulfide (CS ), under ambient conditions inside the building:

QR =0.2"® x0.075 x 2,152 = 26.8ynds per minutelgk/min)

Next, this evaporation rate was converted to cubic meters per mirfute (m /min) using the ideal gas
law (the molecular weight of GS is 76.1):

26.8 Ibs/min x 454 grams peoynd (g/Ib) x 1 mole C%76.1 g x 0.0224 i /mole = 3.58 m /min.

The ventilation rate of the building is 0.5 changes per hour, which egi@lst pehour, or 8.33
m®/min. Therefore, during evaporation, contaminated air is leaving the building at a rate of 8.33 + 3.58, or
11.9 n¥ /min.

EPA used an iterative calculation for carbon disulfide leaving a building using the above calculated
parameters. During the first minute of evaporation, 26.8 Ibs of pure carbon disulfide evaporates, and EPA
assumed this evenly disperses through the building so that the concentratign of CS in the building air is
0.0268 Ibs/m (assuing 1000 ni volume in the building). Contaminated air is exiting the building at a rate
of 11.9 ni /min, so EPA deduced that 11.9 x 0.0268 = 0.319 Ibs of carbon disulfide exitcimglin the
first minute, leaving 26.5 Ibs still evenly dispersed inside. Since this release occurs over one minute, the
release rate of the carbon disulfide to the outside is 0.319 Ibs/mimgble second minute, another 26.8
Ibs of pure carbon disulfide evaporates and disperses, so that the building now contains 26.8 + 26.5 = 53.3
Ibs of carbon disulfide, or 0.0533 Ibs/m . Contaminated aiili€siting the building at a rate of 11.9
m®/min, so 11.9 x 0.05328 = 0.634 Ibs of carbon disulfide are releasédgléa.6 Ibs inside. Again, this
release occurs over one minute so that the rate of carbon disulfide exiting the building in terms of
contaminated air is 0.634 Ibs/min. EPA douned to perform this estimation over a period of one hour. The
rate of release of carbon disulfide exiting the building in the contaminated air at the sixty minute mark is 13.7
Ibs/min. This represents the maximum rate of carbon disulfigie@ethe building. After all of the carbon
disulfide is evaporated, there is a drop in the concentration of carbon disulfide in the contaminated air leaving
the building because the evaporation of carbon disulfide no longer contributes to the overall contamination of
the air.

Note that if the same size pool of carbon disulfide formed outside, the release rate for a worst-case
scenario would be:

QR =1.%" x 0.075 x 2,152 = 221 Ibs/min.
and for an alternative case:

QR =378 x0.075 x 2,152 = 380 lbs/min.

The maximum release rate of carbon disulfide in the contaminated building air, assurdidg a1,
building with a building exchange rate of 0.5 air changes per hour, was only about 6 percent (13.7 + 221
Ibs/min x 100) of the worst-case scenario rate,amgabout 3.6 percent (13.7380 lbs/min x 100) of the

alternative scenario rate. EPA set an overall building mitigation factor equal to 10 percent and five percent,
respectively, in order to be conservative. Please note that (at a constant ventilation rate of 0.5 changes per
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hour) as the size of the building increases, the maximum rate of contaminated air leaving the building will
decrease, although only slightly, because of the balancing effect of building volume and ventilation rate.
Obviously, a higher ventilation rate will yield a higher maximum release rate of contaminated air from the
building.

For a release inside a building, EPA assumed a building air velocity of 0.1 m/s. This conservative
value was derived by setting the size of the ventilation fan equal te?1.0 m . This fan is exchanging air from
the building with the outside at a rate of 0.5 changes per hour. R, lwilding, this value becomes
500 nt hour, or 0.14 rh /s. Dividing 0.14°m /s by the area of the fan yields a velocity of 0.14 m/s, which was
rounded down to 0.1 m/s.

D.3  Toxic Endpoints

The toxic endpoints for regulated toxidistances, which are specified in &P Rule, are
presented in Appendix B, Exhibits B-1, B-2, and B-3. The endpoints were chosen as follows, in order of
preference:

(2) Emergency Response Planning Guideline 2 (ERPG-2), developed by the American Industrial
Hygiene Association, if available;

(2) Level of Concern (LOC) derived for extremelzadous sbstances (EHSs)galated
under sectiol302 of the Emergency Rlaing and Community Right-to-Know Act FEERA)
(see thé'echnical Guidance for Hazards Analy&is more information on LOCSs); the
LOC for EHSs is based on:

- One-tenth of the Immediately Dangerous to Life and HedlthH) level,
developed by the National Institute of Occupatidefiety and Health (NIOSH),
using IDLH values developed befdt894,

or, if no IDLH value is available,

- One-tenth of an estimated IDLH derived from toxicity data; the IDLH is estimated
as described in Appendix D of thiechnical Guidance for Hazards Analysis

Note that the LOCs were not updated using IDLHs publish&894 and later,
because NIOSH revised its methodology for the IDLHs. The EHS LOCs based on
earlier IDLHs were reviewed by EPA’s Science Advisory Board, and EPA decided
to retain the methodology that was reviewed.

ERPG-2 is defined as the maximum airborne concentration below which it is believed nearly all
individuals could be exposed for up to one hour without experiencing or developing irreversible or other
serious health effects or symptoms that could impair an individual's ability to take protective action.

IDLH (pre-1994) concentrains were defined in the NIOSIPbcket Glide to Chemical Hazardss

representing the maximum concentration from which, in the event of respirator failure, one could escape
within 30 minutes without a respirator and without experiencing any escape-impairing (e.g., severe eye
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irritation) or irreversible health effects. (As noted above, LOCs for EHSs were not updated td 98#ect
and later IDLHSs.)

The estimated IDLH is derived from animal toxicity data, in order of preferred data, as follows:

. From median lethal concentration ({¢C ) (inhalation): 0.1 x,LC
. From lowest lethal concentration (L& ) (inhalation): 1 x,.C

. From median lethal dose (L ) (oral): 0.01 x4,D

. From lowest lethal dose (LB ) (oral): 0.1 x LP

The toxic endpoints based on LOCs for EHSs presented in the tables in Appendix B are, in some
cases, different from the LOCs listed in frechnical Guidance for Hazards Analydigcause some of the
LOCs were updated based on IDLHs that were published after the development of the LOCs (and before
1994) or on new or revised toxicity data.

D.4 Reference Tables for Distances to Toxic and Flammable Endpoints

D.4.1 Neutrally Buoyant Gases

Toxic SubstancesReference tables for distances to toxic endpoints for neutrally buoyant gases and
vapors were derived from the Gaussian model using the longitudinal dispersion coefficients based on work by
Beals Guide to Local Diffusion of Air Pollutant3echnical Repor214. Scott Air Force Basdlithois:

U.S. Air Force, Air Weather Service, 1971). The reasons foguke Beals dispersion coefficients are
discussed below.

Longitudinal dispersion (dispersion in the along-wind direction) is generated mostly by vertical wind
shear. Wind shear results from the tendency of the wind speed to assume a wind profile—the speed is lowest
next to the ground and increases with height until it reaches an asymptotic value at approximately a few
hundred feet above therface. To account for saedriven dispelisn, any air dispersion model intended for
modeling short-duration releases must include e{egest formulaibn that accounts, either implicitly or
explicitly, for the height-dependence of wind speed or (b) some tymeaingterization that converts shear
effect intoo,, the standard deviation function in the along-wind direction.

Because the standard Gaussian formula does not incorpp(aticludes only, ando,, the
crosswind and horizontal functions), very few alternate ways to fornujléiteve been proposed. The
simplest method was proposed by Turto(kbook of Atmospheric Dispersion Estimaisport PB-191
482. Research TnmlePark, North Caslina: Office of Air Programs, U.S. Environmental Protection
Agency, 1970), whougygested simply setting, equal too,. Textbooks such as that by Pasquill and Smith
(Atmospheric Diffusion3rd ed. New York: Halstead Press, 1983) describe aneiln analytic model.
However, this model is more complex than a Gaussian model because according to it, dispersion depends on
wind shear and the vertical variation of the vertical diffusion coefficient. Wilson (Along-wind Diffusion of
Source Transientg\tmospheric Environmers:489-495, 1981) proposed anothertmodtin whicho, is
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determined as a function of wind shear, but in a form that can then be used in a Gaussian model. However, it
is now believed that Wilson's formulation gives/alues that are too large.

To avoid the problems of the analytic method and Wilson's formulation, we chose to include a
formulation foro, derived from work by Beals (1971). We had three reasortofog so. First, in terms of
magnitude, Beal®, fell in the midrange of the alternative formulations that we reviewed. Second,Beals’
indirectly accounts for wind shear by using (unpublished) experimental data. Third, both the ALOHA and
DEGADIS models incorporate the Beals methodology.

When a substance is dispersed doimdwthe concentration in the air changes over time. To assess
the health effects of potential exposure to the substance, the average concarittiaé sbstance over
some time period is determined. Averaging time is the time interval over which the instantaneous
concentration of thedzadous material in the vapor cloud is averaged. Averaging time should generally be
equal to or shorter than either the release duration or cloud duration and, if possible, should reflect the
exposure time associated with the toxic exposure guideline of interest. The exposure time associated with the
toxic endpoints specified under tR&P Rule intude 30 minutes for thiemmediately Dangerous to Life and
Health (IDLH) level and 60 minutes for the Emergency Response Planning Guideline (ERPG). For the
neutrally buoyant tables, the 10-minute release scenario was modeled using a 10-minute averaging time. The
60-minute release scenario was modeled using a 30-minute averaging time to be consistent with the 30-
minute exposure time associated with the IDLH. A 60-minute averaging time may have underpredicted
consequence distances and, therefore, was not used for development of the distance tables for this guidance.

Cloud dispersion from a release of finite duration (10 and 60-minute releases) is calculated using an
equation specified in the NOAA publicatis? OHA™ 5.0 Theoretical Descriptigifechnical Memorandum
NOS ORCA 65, August992.

Flammable Substancedhe reference tables of distances for vapor cloud fires of neutrally buoyant
flammable substances were deriveshggshe same model as for toxidostiances, as described above. The
endpoint for modeling was the lower flammability limit (LFL). For flammablessances, an avegiag time
of 0.1 minute (six seconds) was used, because fires are considered to be nearly instantaneous events.

Distances of interest for flammable substances are generally much shorter than for toxic substance,
because the LFL concentrations are much larger than the toxic endpoints. For the short distances found in
modeling the flammable bgtances, modiag results were found to be the same for 10-minute and longer
releases; therefore, one table of distances for rural conditions and one table for urban conditions, applicable
for both 10-minute and longer releases, were developed for flammaktasces.

D.4.2 Dense Gases

Toxic SubstancesThe reference tables for dense gases were developed using the cadeted
SLAB model, developed by Lawrence Livermore National Laboratory. SLAB solves conservation equations
of mass, momentum, energy, and species for continuous, finite duration, and instantaneous releases. The
reference tables were based on the evaporating pool algorithm.

For the reference tables were developed based on modeling releases of hydrogen chloride (HCI). HCI
was chosen based on a SLAB modeling analysis of a range of dispersion behavior for releases of regulated
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dense gases or vapors with different molecular weights. This analysis showed that releases of HCI generally
provided conservative results under a variety of stability/wind speed combinations, release rates, and toxic
endpoints.

Similar to the modeling of neutrally buoyant plumes, the 10-minute release scenario of toxic
chemicals was modeled using a 10-minute averaging time. The 60-minute release scenario was modeled
using a 30-minute averaging time to be consistent with the 30-minute exposure time associated with the
IDLH.

For all dense gas tables, the reference height for the wind speed was 10 meters. Relative humidity
was assumed to be 50 percent, and the ambient temperatureas 25 C. The source area was the smallest
value that still enabled the model to run for all release rates. Taeeswughness factor was one meter for
urban scenarios and three centimeters for rural scenarios.

Flammable Substance§or the reference tables for dispersion of dense flammable gases and vapors,
for analysis of vapor cloud fires, the same model was used as for tbxtaisces, as described above, and
the same assumptions were made. For the dispersion of flammable chemicals, averaging time should be very
small (i.e., no more than a few seconds), because flammable vapors need only be exposed to an ignition
source for a short period of time to initiate the combustion process. Thus, both the 10-minute and 60-minute
reference tables for flammable substances use argagtane of 10 seconds. The 10-minute and 60-
minute tables were combined for flammablbstances because the modgresults were found to be the
same.

D.4.3 Chemical-Specific Reference Tables

The chemical-specific reference tables of distances for ammonia, chlorine, and sulfur dioxide were
developed for EPA’s risk management proggaidance for ammonia refrigeration and for POTWs. For
information on the chemical-specific modeling and development of the chemical-specific reference tables, see
Backup Information for the Hazard Assessments in the RMP Offsite Consequence Analysis Guidance, the
Guidance for Wastewater Treatment Facilities and the Guidanc&nfononia Refrigeration - Anhydrous
Ammonia, Agueoudmmonia, Chlorine and Sulfur Dioxid&ee also the industry-specific guidance
documents for ammonia refrigeration and POTWSs.

The modeling arried out for aqueous anamia also is applied in this guidance to ammonia released
as a neutrally buoyant plume in other situations. The tables of distances derived from this modeling would
apply to evaporation of ammonia from a water solution, evaporation of ammonia liquefied by refrigeration, or
ammonia releases from the vapor space of a vessel, because the ammonia would behave as a neutrally
buoyant plume (or possibly buoyant in some cases).

D.4.4 Choice of Reference Table for Dispersion Distances

Gases Exhibit B-1 of Appendix B indicates whether the reference tables for neutrally buoyant or
dense gases should be used for each of the regulated toxic gases. Exhibit C-2, Appendix C, provides this
information for flammable gases. The choice of reference table presented in these exhibits is based on the
molecular weight of the regulatedostiance compared to air; however, a number of factors that may cause a
substance with a molecular igit similar to or smaller than the molecular weight of air to behave as a dense
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gas should be considered in selecting the appropriate table. For example, a cold gas may behave as a dense
gas, even if it is lighter than air at ambient temperature. Gases liquefied under pressure may be released as a
mixture of vapor and liquid dropke because of presence olid mixed with the vapor, a gas that is lighter

than air may behave as a dense gas in such a release. A gas that polymerizes or forms hydrogen bonds (e.g.,
hydrogen fluoride) also may behave as a dense gas.

Liquids and Solutions Exhibits B-2 and B-3, Appendix B, and Exhibit C-3, Appendix C, indicate
the reference table of distances to be used for each regulated liquid. The methodology presented in this
guidance for consequence analysis for liquids and solutions assumes evaporation from a pool. All of the
liquids regulated under CAA sectidri 2(r) have molecular wghts greater than the molecular weight of air;
therefore, their vapor would be heavier than air. However, because the vapor from a pool will mix with air as
it evaporates, the initial density of the vapor with respect to air may not in all cases indicate whether the vapor
released from a pool should be modeled as a dense gas or a neutrally buoyant gas. If the rate of release from
the pool is relatively low, the vapair mixture that is generated may be neutrally buoyant even if the vapor is
denser than air, because the mixture may contain a relatively smadirfraicthe denser-than-air vapor; i.e.,
it may be mostly air. This may be the case particularly for some of the regulated toxic liquids with relatively
low volatility. All of the regulated flammable Bstances have relativelygh volatility; the reference tables
for dense gases are assumed to be appropriate for analyzing dispersion of these flammable liquids.

To identify toxic liquids with molecular weight greater than air that might behave as neutrally
buoyant gases when evaporating from a pool, EPA used the ALOHA model for pool evaporation of a number
of substances with a range of moleculaights and vapor pressures. Modeling wasied out for F
stability and wind speed 1.5 meters per second (worst-case conditions) and for D stability and wind speed 3.0
meters per second (alternative-case conditions). Pool spread to a depth of one centimeter was assumed.
Additional modeling wasarried out for comparison assing different pool areas and depths. The
molecular weight-vapor pressure combinations at which ALOHA used the neutrally buoyant gas model were
used to develop the reference table choices given in Exhibit B-2 (for liquids) and B-3 (for solutions) in
Appendix B. The neutrally buoyant tables should generally give reasonable results for pool evaporation
under ambient conditions when indicated for liquids. At elevated temperatures, however, evaporation rates
will be greater, and the dense gas tables should be used.

The liquids for which the neutrally buoyant table is identified for the worst case probably can be
expected to behave as neutrally buoyant vapors when evaporating from pools under ambient conditions in
most situations, but there may be cases when they exhibit dense gas behavior. Other liquids, for which the
neutrally buoyant tables are not indicated for the worst case, might release neutrally buoyant vapors under
some conditions (e.g., relatively small pools, temperature not much abbve 25 C). Similarly, the liquids for
which the neutrally buoyant tables are indicated as appropriate for alternative scenario analysis probably can
be considered to behave as neutrally buoyant vapors under the alternative scenario conditions in most cases;
however, there may be cases where they will behave as dense gases, and there may be other liquids that in
some cases would exhibit neutrally buoyant behavior when evaporating. The reference table choices shown
in Exhibit B-2 are intended to reflect the most likely behavior of thetsuces; theyilwnot predict
behavior of the listed fistances evapoiag under all conditions.
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D.4.5 Additional Modeling for Comparison

Modeling was arried out for two worst-case examples and two alternative-case examipigsyas
different models, for comparison with the results obtained from the methods and distance tables in this
guidance. This modeling is discussed below.

ALOHA Model. The Areal Locations of &zadous Atmospheres (ALOHA) system was developed
jointly by NOAA and EPA. ALOHA Version 5.2.1 was used for the comparison modeling. afameters
for ALOHA modeling were the same as specified in this guidance document for worst-case and alternative
scenarios. The substances modeled aheded in ALOHA’s chemical database, so no chemical data were
entered for modeling. For consistency with the methodology used to develop the reference tables of distances,
a wind speed height of 10 meters was selected for ALOHA modeling.

For all of the substances modeled, the direct source model was chosen for ALOHiAgnadd the
release rate estimated using the guidance methodology was entered as the release rate for ALOHA. ALOHA
selected the dense gas model to estimate the distances to the endpoints in all cases.

WHAZAN Model. The World Bank Hazard Analysig/HAZAN) system was developed by
Technica International in collaboration with the World Bank. T®&8 verfon of WHAZAN was used for
the comparison modeling. Thanameters for atmospheric stability, wind speed, and ambient temperature
and humidity were the same as specified in this guidance document.rfeoe saughness, WHAZAN
requires entry of a “roughnesarameter,” rather than a height. Based on the discussion oathisgter in
the WHAZAN Theory Manual, a roughnesasrameter of 0.07 (corresponding to flat land, few trees) was
chosen as equivalent to thefsige roughness of 3 centimeters used to represent rural topography in modeling
to develop the distance tables for this guidance. A roughaesmeter of 0.17 (for woods or rural area or
industrial site) was chosen as equivalent to 1 meter, which was used to develop the urban distance tables.
Data were added to the WHAZAN chemical database for acrylonitrile and allyl alcohol; ethylene oxide and
chlorine were already included in the database.

For WHAZAN modeling of the gases ethylene oxide and chlorine and the liquid acrylonitrile, the
WHAZAN dense cloud dispersion model was used. For the alternative-case release of allyl alcohol, the
buoyant plume dispersion model was used for consistency with the guidance methodology. The release rates
estimated using the guidance methodology were entered as the release rates for all of the WHAZAN
modeling.

The WHAZAN dense cloud dispersion requires a “volume dilution factor” as one of its inputs. This
factor was not explained; it was presumed to account for dilution of pressurized gases with air upon release.
For the gases modeled, the default dilution factor of 60 was used; for acrylonitrile, a dilution factor of 0 was
entered. This factor appears to have little effect on the distance results.

D.5 Worst-Case Consequence Analysis for Flammable Substances
The equation used for the vapor cloud explosion analysis for the worst case involving flammable
substances igiven in Appendix C. This equation is based on the TNT-equivalency method of the UK Health

and Safety Executive, as presented in the puldicaf the Center for Chemical Procé&afety of the
American Institute of Chemical Engineers (AICh&)idelines for Evaluating the Characteristics of Vapor
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Cloud Explosions, Flash Fires, and BYEs(1994). The assuniph was made for the worst case that the

total quantity of the released substance is in the flammable part ¢dilde dhe AIChE documentslis this
assumption as one of a number that have been used for vapor cloud explosion blast prediction; it was chosen
as a conservative assumption for the worst-case analysis. The yield factor of 10 percent was a conservative
worst-case assumption, based on information presented in the AIChE document. According to the AIChE
document, reported values for TNT equivalency for vapor cloud explosions rangeffemtioa of one

percent to tens of percent; for most major vapor cloud explosions, the range is one to ten percent.

The endpoint for the vapor cloud explosion analysis, 1 psi, is reported to cause damage such as
shattering of glass windows and partial demolition of houses. Skin laceration from flying glass also is
reported. This endpoint was chosen for the consequence analysis because of the potential for serious injuries
to people from the property damage that might result from an explosion.

The TNT equivalent model was chosen as the basis for the consequence analysis because of its
simplicity and wide use. This model does not take into account site-specific factors and many chemical-
specific factors that may affect the results of a vapor cloud explosion. Other methods are available for vapor
cloud explosion modeling; see the list of references in Appendix A for some publications that include
information on other vapor cloud explosion modeling methods.

D.6  Alternative Scenario Analysis for Gases

The equation for estimating release rate of a gas from a hole in a tank is based on the equations for
gas discharge rate presented indHlamdbook of Chemical Hazard Analysis Procedurgshe Federal
Emergency Management Agency (FEMA), DOT, and EPA, and ieqgah EPA'SNorkbook of Screening
Techniques for Assessing Impacts of Toxic Air Pollutaiite equation for an instantaneous discharge
under non-choked flow conditions is:

AR
m=C, A, zpopo(L) L IET e Y (D-7)
Y_l po po

where: m = Discharge rate (kg/s)

Cq = Discharge coefficient

A, = Opening area (fn )

Y = Ratio of specific heats

Po = Tank pressure (Pascals)

o} = Ambient pressure (Pascals)

Po = Density (kg/m )

Under choked flow conditions (maximum flow rate), the equation becomes:
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v+l
2 .
m=Cy A vl (D-8)
o J YPoPo ( Y+1)
For development of the equation and gas factors presented in this guidance, gewsisyréwritten
as a function of pressure and molecular weight, based on the ideal gas law:

p, MW
p = -
RT (D-9)
where: MW = Molecular weight (kilograms per kilomole)
R = Gas constant (8,314ules per degree-kilomole)
T, = Tank temperature (K)

The choked flow equation can be rewritten:
1 2 \ 5 | mw
m=Cy A, Py — 4| Y (— vl —— (D-10)
/Tt y+1 8314

To derive the equation presented in the guidance, all the chemical-specific properties, constants, and
appropriate conversion factors were combined into the "Gas Factor" (GF). The discharge coefficient was
assumed to have a value of 0.8, based on the screening vatneesrated in EPA'8orkbook of Screening
Techniques for Assessing Impacts of Toxic Air Pollutainitee GF was derived as follows:

2 \ 5 | mw
GF = 132.2 x 6,895 x 6.4516x10x 0.8 |y| ——|** ,| — (D-11)
y+1 8314

where: 132.2 = ©nversion factor forlds/min to kg/s
6,895 = Conversion factor for psi to Pascals (p )
6.4516 x 1@ = Gnversion factor for square inches to square meters (A )

GF values were calculated for all gases regulated under CAA sgtgr) and are listed in
Appendix B, Exhibit B-1, for toxic gases and Appendix C, Exhibit C-2, for flammable gases.
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From the equation for choked flow above and the equation for the GF above, the initial release rate
for a gas from a hole in a tank can be written as:

1
QR = HA x P, x _T x GF (D-12)
JT
where: QR = Release rate (pounds per minute)
HA = Hole area (square inches)
P, = Tank pressure (psia)
T, = Tank temperature (K)

D.7 Alternative Scenario Analysis for Liquids

D.7.1 Releases from Holes in Tanks

The equation for estimating release rate of a liquid from a hole in a tank is based on the equations for
liquid release rate presented in t@ndbook of Chemical Hazard Analysis Procedurg§&EMA, DOT,
and EPA and EPAWorkbook of ScreeninBechniques for Assessing Impacts of Toxic Air Pollutants
The equation for the instantaneous release rate is:

m = AC, \/pl lqul (HL - Hh) +2 (Po - Pa)J (D-13)

where: m = Discharge rate (kilograms per second)
A, = Opening area (square meters)
Cq = Discharge coefficient (unitless)
g = Gravitational constant (9.8 meters per second squared)
P = Liquid density (kilograms per cubic meter)
P, = Storage pressure (Pascals)
P, = Ambient pressure (Pascals)
H, = Liquid height above bottom of container (meters)
H, = Height of opening (meters)

A version of this equation is presented in the guidance for use with data found in Appendix B, for
gases liquefied under pressure. The equation in the text was derived using the conversion factors listed below
and density factors and equilibrium vapor pressure or tank pressure values listed in Appendix B, Exhibit B-1.
Equation D-13 becomes:

QR = 132.2x6.4516x10x0.8XHA \/16.018>d><[2><9.8><16.01861><LH><0.0254+2P9><6895] (D-14)
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Release rate (pounds per minute)

where: QR =

HA = Hole area (square inches)

132.2 = @nversion factor for kilograms per second to pounds per minute

6.4516 x 10 = ©nversion factor for square inches to square mat (

0.8 = Discharge coefficient (0.8)

d = Liquid density (pounds per cubic foot); can derived by using the
density factor: 1/(DFx0.033)

16.018 = Conversion factor for pounds per cubic feet to kilograms per cubic
meters (D)

9.8 = Gravitational constant (meters per second squared)

LH = Height of liquid above hole (inches)

2.54 x 1% = Conversion factor for inches to meters (LH)

Py = Gauge pressure in tank (psi)

6,895 = Conversion factor for psi to Pascédg (

After combining the conversion factors and incorporating the density factor (DF), this equation becomes:

0.7 669
QR = HA x 6.82J i LH + 22 x P, (D-15)

For liquids stored at ambient pressure, Equation D-13 becomes:
m = ACp, /29 {HL - Hh) (D-16)

To derive the equation presented in the guidance for liquids under ambient pressure, all the chemical-
specific properties, constants, and conversion factors were combined into the "Liquid Leak Factor" (LLF).
The discharge coefficient was assumed to have a value of 0.8, based on the screening vaheadechin
EPA'sWorkbook of ScreeninBechniques for Assessing Impacts of Toxic Air Pollutafte LLF was

derived as follows:
LLF = 132.2 x 6.4516 x 10 x 0.1594 x 0.8 x/2 x 9.8 Xp, (D-17)

Liquid Leak Factor (pounds per minute-incies )

where: LLF =

132.2 = @nversion factor for kilograms per second to pounds per minute
(m)

6.4516 x 1@ = ©nversion factor for square inches to square mefg)s (

0.1594 = @nversion factor for square root of inches to square root of meters
(H.-Hy)

0.8 = Discharge coefficient (0.8)

9.8 = Gravitational constant (meters per second squared)

P = Liquid density (kilograms per cubic meter)
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LLF values were calculated for all liquids regulated under CAA setti@(r) and are listed in
Appendix B, Exhibit B-2, for toxic liquids and Appendix C, Exhibit C-3, for flammable liquids.

From the equation for liquid release rate from a hole in a tank at ambient pressure and the equation
for the LLF, the initial release rate for a liquid from a tank under atmospheric pressure can be written as:

QR = HA x \/LH x LLF (D-18)
where: QR = Liquid release rate (pounds per minute)
HA = Hole area (square inches)
LH = Height of liquid above hole (inches)

D.7.2 Releases from Pipes

The equation used to estimate releases of liquids from pipes is the Bernoulli equation. It assumes
that the density of the liquid is constant and does not account for losses in velocity due to wall friction. The
equation follows:

(Pa - Pb) N g (Za - Zb) (Vb2 - Vaz)

= (D-19)
D 9. 29,
where: P, = Pressure at pipe inléPascals)
P, = Pressure at pipe outlet (Pascals)
Z, = Height above datum plane at pipe inlet (meters)
Z, = Height above datum plane at pipe release (meters)
g = Gravitational aceleraibn (9.8 meters per second squared)
0. = Newton's law proportionality factor (1.0)
V, = Operational velocity (meters per second)
V, = Release velocity (meters per second)
D = Density of liquid (kilograms per cubic meter)
Isolating , yields:
29. (P, - Py
V\l e 202, - Z) (0-20)

To develop the equation presented in the text, conversion factors for English units and constants
were incorporated as follows:
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+ (2x9.8x0.3048,-Z,) + 0.00508xV,2

(D-21)

2x6895xP,-14.7)>DFx0.033
V,=197
16.08

where: V, = Release velocity (feet per minute)
197 = Conversion factor for meters per second to feet per minute
6895 = nversion factor for psi to Pascals
P; = Total pipe pressure (psi)
147 = Atmospheric pressure (psi)
16.08 = Conversion factor for pounds per cubic foot to kilograms per cubic meter
DF = Density factor (1/(0.033 DF)= density inynds per cubic foot)
9.8 = Gravitational eceleraion (meters per secofd )
0.3048 = @nversion factor for feet to meters
Z,-7, = Change in pipe elevation, inlet to outlet (feet)
0.00508= ©nversion factor for feet per minute to meters per second
V, = Operational velocity (feet per minute)

D.8 Vapor Cloud Fires

Factors for leaks from tanks for flammable substances (GF and LLF) were derived as described for
toxic substances (see above).

The endpoint for estimating impact distances for vapor cloud fires of flammdaisiaeces is the
lower flammability limit (LFL). The LFL is one of the endpoints for releases of flammab$tances

specified in the RMP Rule. It was chosen tovie a reasonable, but not overly conservative, estimation of
the possible extent of a vapor cloud fire.

D.9 Pool Fires

A factor used for estimating the distance to a heat radiation level from a pool fire that could cause
second degree burns from a 40-second exposure was developed based on equations presented in the AIChE
documentGuidelines for Evaluating the Characteristics of Vapor Cloud Explosions, Flash Fires, and
BLEVEsand in the Netherlands TNO documeéviethods for the Determination of Possible Damage to
People and Objects Resulting from Releases of Hazardous Mai@i98l2). The AIChE and TNO
documents present a point-source model that assumes that a $edettedof the heat of combustion is

emitted as radiation in all directions. The radiation per unit aceaved by a target at some distance from
the point source is given by:

:meCta

q W (D-22)

April 15, 1999 D-18



Appendix D
Technical Background

where: q = Radiation per unit are@ceived by the receptor (Watts per square meter)
m = Rate of combustion (kilograms per second)
T, = Atmospheric transmissivity
H. = Heat of combustion (Joules per kilogram)
f = Fracton of heat of combustion radiated
X = Distance from point source teaeptor (meters)

The fracton of combustion energy dissipated as thermal radiation (f in the equation above) is
reported to range from 0.1 to 0.4. To develop factors for estimating distances for pool fifes;tithiswas
assumed to be 0.4 for all the regulated flammalilstamces. The heat radliet level (q) was assumed to be
5 kilowatts (5,000 Watts) per square meter. This level is reported to caose slegree burns from a 40-
second exposure. One of the endpoints for releases of flammbblarsmes specified in tiRMP Rule is 5
kilowatts per square meter for 40 eads. It was assumed that people would be able to escape from the heat
in 40 seconds. The atmospheric transmissivijywfas assumed equal to one.

For a pool fire of a flammable Bstance with adiling point above the ambient temperature, the
combustion rate can be estimated by the following empirical equation:

0.0010H_ A

m = (D-23)
H, + C, (T, - To)

\%

where: m = Rate of combustion (kilograms per second)
H. = Heat of combustion (Joules per kilogram)
H, = Heat of vaporization (Joules per kilogram)
G, = Liquid heat capacity (Joules per kilogram-degree K)
A = Pool area (square meters)
T, = Boiling temperature (K)
T, = Ambient temperature (K)
0.0010 = Constant

Combining Equations D-22 and D-23 (above), and assuming a heat radiation le9800W\&tts
per square meter, gives the following equation for liquid poolshidtances with diling points above
ambient temperature:

0.0010A
H, + Cp(Tb -T,)
47q

(D-24)

X = H 0.4(

c

or
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Y- H \l 0.0001A (D-25)

5,000t (H, + C(T, -T,)

where: X = Distance from point source teaeptor (meters)
q = Radiation per unit areaceived by the receptor = 5,000 Watts per square
meter
H. = Heat of combustion (Joules per kilogram)
f = Fracton of heat of combustion radiated = 0.4
H, = Heat of vaporization (Joules per kilogram)
G, = Liquid heat capacity (Joules per kilogram-degree Kelvin)
A = Pool area (square meters)
T, = Boiling temperature (K)
T, = Ambient temperature (K)
0.0010 = Constant

For a pool fire of a flammable Bstance with adiling point below the ambient temperature (i.e.,
liquefied gases) the combustion rate can be estimated by the following equation, based on the TNO
document:

0.0010H_ A

ms= — —— (D-26)

\%

where: m = Rate of combustion (kilograms per second)
H, = Heat of vaporization (Joules per kilogram)
H. = Heat of combustion (Joules per kilogram)
A = Pool area (square meters)
0.0010 = Constant

Then the equation for distance at which the radiagorived equals 5,000 Watts per square meter becomes:

<-4 |_00001A (0-27)
° 4\ 5,000t H,

where: X = Distance from point source teaeptor (meters)
5,000 = Radiation per unit areaceived by the receptor (Watts per square meter)
H. = Heat of combustion (Joules per kilogram)
H, = Heat of vaporization (Joules per kilogram)
A = Pool area (square meters)
0.0001 = Derived constant (see egorag D-20 and D-21)
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A "Pool Fire Factor(PFF) was calculated for eaclyuated flammable liquid and gas (to be applied
to gases liquefied by refrigeration) to allow estimation of the distance to the heat radiation level that would
lead to second degree burns. For the derivation of this factor, ambient temperature was assuz88<o be
(25°C). Other factors are discussed above. The PFF éaidigvith boiling points above ambient
temperature was derived as follows:

0.0001
PFF = H -
C\J 5,000t [H, + C(T, - 298)] (B-28)

where: 5,000 = Radiation per unit aregeived by the receptor (Watts per square meter)
H. = Heat of combustion (Joules per kilogram)
H, = Heat of vaporization (Joules per kilogram)
G, = Liquid heat capacity (Joules per kilogram-degree K)
T, = Boiling temperature (K)
298 = Assumed ambient temperature (K)
0.0001 = Derived constant (see above)

For liquids with boiling points below ambient temperature RRE is derived aflows:

0.0001
PFF = H, |———— -
®\| 5,000t H, (D-29)

where: 5,000 = Radiation per unit aregeived by the receptor (Watts per square meter)
H. = Heat of combustion (Joules per kilogram)
H, = Heat of vaporization (Joules per kilogram)
0.0001 = Derived constant (see above)

Distances where exposed people could potentially suffer second degree burns can be estimated as the
PFF multiplied by the square root of theoparea (in square feet), as discussed in the text.

D.10 BLEVEs

Reference Table 30, the table of distances for BLEVES, was developed based on equations presented
in the AIChE documentGuidelines for Evaluating the Characteristics of Vapor Cloud Explosions, Flash
Fires, and BEEVEs The Hymes point-source model for a fireball, as cited in the AIChE document, uses the
following equation for the radiatiorceived by a receptor:

2.21t, R H, m°%

q-= (D-30)
4m 2
where: q = Radiation eceived by the receptor (Watts per square meter)
m = Mass of fuel in the fireball (kg)

April 15, 1999 D-21



Appendix D
Technical Background

A
)

Atmospheric transmissivity

Heat of combustion (Joules per kilogram)
Radiative fradbn of heat of combustion

Distance from fireball center to receptor (meters)
3.14

aroT

Hymes (as cited by AIChE) suggs the éllowing values for R:

R
R

0.3 for vessels bursting below relief valve pressure
0.4 for vessels bursting at or above relief valve pressure

For development of Reference Table 30, the following conservative assumptions were made:

R 0.4
T, 1

The effects of radiant heat on an exposed person depend on both the intensity of the radiation and the
duration of the exposure. For development of the table of distances for BLEVES, it was assumed that the
time of exposure would equal the duration of the fireball. The AIChE document gives the following
equations for duration of a fireball:

t, = 0.45m!”? for m < 30,000kg (D-31)
and

t, = 2.6 m® for m > 30,000kg (D-32)
where: m Mass of fuel (kg)

t. Combustion duration (seconds)

According to several sources (e.g., Eisenberg, éfaherability Model, A Simulation System for
Assessing Damage Resulting from Marine Spgilsdan, Thermal Radiation Hazards from Hydrocarbon
Pool Fires(citing K. Buettne)), the effects of thermal radiah are generally proportional to radiation
intensity to the four-thirds power times time of exposure. Thus, a thermal "dose" can be estimated using the
following equation:

Dose = t q*° (D-33)
where: t = Duration of exposure (seconds)
q = Radiation intensity (Ws/n?)

The thermal "dose" that could cause second-degree burns was estimated assuming 40 seconds as the
duration of exposure andd®0 Watts/rh as the radian intensity. The corresponding dose #28,000
(Watts/nt ¥ -seand.
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For estimating the distance from a fireball at whice@eptor mighteceive enough thermal radiation
to cause second degree burns, the dose estimated abovéstdatsd into the equian for radiation
received from a fireball:

3
q - [@i (0-34)
4 221t R H, mo¥
3,420,00 — a 20 rnf (D_35)
t 4rL
L _ |22nRH m067
i [3,420,00T’4 (D-36)
t

where: Distance from fireball center to receptor (meters)

Radiation eceived by the receptor (Watts per square meter)

Mass of fuel in the fireball (kg)

Atmospheric transmissivity (assumed to be 1)

Heat of combustion (Joules per kilogram)

Radiative fradbn of heat of combustion (assumed to be 0.4)

Duration of the fireball (seconds) (estimated from the equations above);

assumed to be duration of exposure

~xXIS 3L
T T TR T TR TR

Equation D-36 was used to develop the reference table for BLEVES presented in the text (Reference
Table 30).

D.11 Alternative Scenario Analysis for Vapor Cloud Explosions

According to T.A. Kletz, in "Unconfined Vapor Cloud Explosions” (Eleventh Loss Prevention
Symposium, sponsored by AIChE, 1977), unconfined vapadexplosions almost always result from the
release of flashing liquids. For this reason, the quantity in the cloud for the alternative scenario vapor cloud
explosion in this guidance is based onfthetion flashed from the release of a flammable gas liquefied under
pressure. The guidance provides a method to estimate the quantity in the cloud frantidhdlashed into
vapor plus the quantity that might keriged dong as aerosol. The renmendation to use twice the quantity
flashed as the mass in the cloud (so long as it does certcbihe total aount of flammable dastance
available) is based on the method reotended by the UK Health and Safety Executive (HSE), as cited in the
AIChE document,Guidelines for Evaluating the Characteristics of Vapor Cloud Explosions, Flash Fires,
and BLEVEs The factor of two is intended to allow for spray and aerosol formation.
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The equation for the fladhaction, for possible use in for the alternative scenario analysis, is based
on the Netherlands TNO documeiigthods for the Calculation of the Physical Effects of the Escape of
Dangerous Materia(1980), Chapter 4, "Spray Release." TdikWing equation is provided:

X, (XV Tb] ( TG | T.)
= —| |/ "= D-37)
apa apb (
TI hv Tb
where: Xapa = Weightfraction of vapor after expansion
Xapp = Weightfraction of vapor before expansion (assumed to be 0 for calculation
of the flash fragon)
T, = Boiling temperature of gas compressed to liquid (K)
T, = Temperature of stored gas compressed to liquid (K)
C = Specific heat of gas compressed to liquid (Joules/kilogram-K)
h, = Heat of evaporation of gas compressed to liquid (Joules/kilogram)

To develop a Flash Fragh Factor(FFF) for use in consequence analysis, compressed gases were
assumed to be stored at25 C (298 K) (except in cases where tloaigasot be liquefied at that
temperature). The equation foFF is:

FFF = ( E n@) (D-38)
h, T,
where: T, = Boiling temperature of gas compressed to liquid (K)
C = Specific heat of gas compressed to liquid (Joules/kilogram-K)
h, = Heat of evaporation of gas compressed to liquid (Joules/kilogram)
298 = Temperature of stored gas compressed to liquid (K)

The recommendation to use a yield factor of 0.03 for the alternative scenario analysis for vapor cloud
explosions also is based on the UK HSE method cited by AIChE. According to the AIChE document, this
recommendation is based on surveys showing than most major vapor cloud explosions have developed
between 1 percent and 3 percent of available energy.
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WORKSHEETS FOR OFFSITE CONSEQUENCE ANALYSIS

Using the Methods in this Guidance
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WORKSHEET 1
ST-CASE ANALYSIS FOR TOXIC GAS

1. Select Scenari¢defined by rule for worst case as release of largest quanti

WGuidance

over 10 minutes) Reference
* |dentify toxic gas Name Chapter 2
CAS number - - Section 3.1
* |dentify largest quantity in | Quantity (pounds):
largest vessel or pipeline
* |dentify worst-case Atmospheric stability classF
meteorological conditions | Wind speed1.5 m/s
Ambient temperature25°C
Relative humidity 50%
2. Determine Release Rate
» Estimate release rate Release ratélbs/min): Section 3.1
Quantity/10 min, except Will release always take place in enclos@re
gases liquefied by
refrigeration in some cases | (If yes, go to next step)
* Revise release rate to Can release cause failure of enclosure? Section 3.1
account for passive mitigatiop(If yes, use unmitigated release rate)
(enclosure) Factor to account for enclosure0.55
Mitigated release rat€lbs/min):
3. Determine Distance to the Endpoint Specified by Rule
* |dentify endpoint Endpoint (mg/L): Exhibit B-1
* Determine gas density Dense Exhibit B-1
Consider conditions (e.g., Neutrally buoyant
liquefied under pressure)
» Determine site topography| Rural: Section 2.1
Rural and urban defined by | Urban:
rule
* Determine appropriate Reference table useghumber): Chapter 4
reference table of distances Reference
Use 10-minute tables Tables 1-12
* Find distance on reference| Release rate/endpoir{heutrally buoyant): Chapter 4
table Reference
Distance to endpoin{mi): Tables 1-12
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WORKSHEET 2

WORST-CASE ANALYSIS FOR TOXIC LIQUID

1. Select Scenari¢defined by rule for worst case as release of largest quanti

Iydaidance

form an evaporating pool) Reference
* Identify toxic liquid Name Chapter 2
* Identify concentration for | CAS number - - Section 3.2
solutions or mixtures Concentration in solution or mixturgwt %): ___ | Section 3.2.4

¢ Identify largest quantity in
largest vessel or pipeline

Quantity (pounds):
Quantity of regulated substance in mixture

for mixtures

* |dentify worst-case
meteorological conditions

Atmospheric stability class-
Wind speed1.5 m/s
Ambient temperature25°C
Relative humidity 50%

2. Determine Release Rate

* Determine temperature of| Temperature of liquid(°C): Section 3.2

spilled liquid Section 3.1.3

Must be highest maximum

daily temperature or procesg

temperature, or boiling point

for gases liquefied by

refrigeration

* Determine appropriate LFA: Section 3.2,

liquid factors for release rate| LFB: Exhibits B-2

estimation DF: B-4

TCF: Section 3.3,
Exhibit B-3
for water
solutions
Estimate Maximum Pool Area
 Estimate maximum pool Maximum pool area(ft?): Section 3.2.1
area Equation 3-6

Spilled liquid forms pool 1
cm deep
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WORKSHEET 2 (continued)

Estimate Pool Area for Spill into Diked Area

 Estimate diked area Diked area(ft*): Section 3.2.3
Consider failure of dikes or | Is diked area smaller than maximum area?
overflow of diked area (If no, use maximum area to estimate release rgte)

Diked volume(ft®):

Spilled volume(ft®):

Is spilled volume smaller than diked volume?

(If no, estimate overflow)

Overflow volume(ft®):

Overflow area(ft?):
+ Choose pool area for releasPool area(ft?): Section 3.2.3
rate estimation
Maximum area, diked area,
or sum of diked area and
overflow area

Estimate Release Rate from Pool

» Estimate release rate for | Release ratglbs/min): Section 3.2{2
undiked pool (maximum poo Section 3.2.4
area) (mixtures)
Based on quantity spilled, Equation 3-3
LFA or LFB, and DF or 3-4
» Estimate release rate for | Release ratglbs/min): Section 3.2{2
diked pool (use pool area Section 3.24
from previous section) (mixtures)
Based on pool area and LFA Equation 3-7
or LFB or 3-8
* Reuvise release rate for Release rate if outsid@bs/min) Section 3.2]3
release in building (Use release rate for undiked or diked pool) Equations 3-,
Apply factor to release rate | Factor to account for enclosure0.1 3-10

Revised release rafgbs/min):
* Reuvise release rate for Revised release rafgbs/min): Section 3.2]5
temperature Equation 3-1{L
Apply appropriate TCF to
release rate
» Estimate duration of releasdRelease duratior{min): Section 3.2|2

Equation 3-5
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WORKSHEET 2 (continued)

3. Determine Distance to the Endpoint

* Identify endpoint Endpoint (mg/L): Exhibit B-2

Specified by rule

* Determine vapor density | Dense Exhibit B-2

Neutrally buoyant

* Determine site topography Rural: Section 2.1

Rural and urban defined by | Urban:

rule

* Determine appropriate Reference table useghumber): Chapter 4

reference table of distances Reference

Based on release duration, Tables 1-12

vapor density, topography

» Find distance on referencg Release rate/endpoir{heutrally buoyant): Chapter 4

table Distance to endpoin{mi): Reference
Tables 1-12
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WORKSHEET 3
WORST-CASE ANALYSIS FOR FLAMMABLE SUBSTANCE

1. Select Scenari¢defined by rule for worst case as vapor cloud explosion of Guidance
largest quantity) Reference

¢ Identify flammable Name Chapter 2

substance CAS number - - Section 3.1

* Identify largest quantity in | Quantity (pounds):

largest vessel or pipeline
Consider total quantity of
flammable substance,
including non-regulated
substances in flammable
mixtures

2. Determine Distance to the Endpoin{endpoint specified by the rule as 1 psi overpressure;
yield factor assumed to be 10% for TNT-equivalent model)

» Estimate distance to 1 psi| Distance to 1 ps{mi): Chapter 5
using Reference Table Reference
Find quantity, read distance Table 13
from table
+ Alternatively, estimate For pure substance: Chapter 5
distance to 1 psi using Heat of combustionkJ/kg): Appendix C.
equation For mixture: Appendix C.2

Heat of combustion of major component Exhibit C-1

(kJ/kQ):

Heats of combustion of other components

(kJ/kQ): , ,

Distance to 1 ps{mi).
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ALTERNATIVE SCENARIO ANALYSIS FOR TOXIC GAS

WORKSHEET 4

1. Select Scenario Guidance
Reference
* Identify toxic gas Name Chapter 6
CAS number - - Chapter 7
. . . . . Section 7.1
¢ Identify conditions of Non-liquefied pressurized gas
storage or processing of toxicGas liquefied under pressure
gas Intank:
Treat gases liquefied by In pipeline:
refrigeration as liquids Other (describe):
* Develop alternative Describe scenario
scenario
> More likely than worst
case
> Should reach endpoint
off site
* Identify average Atmospheric stability classD
meteorological conditions | Wind speed 3.0 m/s
Ambient temperature25°C
Relative humidity 50%
2. Determine Release Rate
+ Estimate gas release rate | Hole area(in?): Section 7.1.
from hole in tank (choked/ | Tank pressurgpsia): Equation 7-1
maximum flow) for Tank temperaturgK): Exhibit B-1
> Pressurized gas GF:

> Gas liquefied under
pressure released from vapg
space

Release ratélbs/min):

—_

+ Estimate flashing liquid
release rate from hole in tanl

> Gas liquefied under
pressure released from liquid
space

Hole area(in?):
K Tank pressurg(psig):
DF:

Release rat€lbs/min):

Liquid height above holdin):

Section 7.1.2
Equation 7-
Exhibit B-1
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WORKSHEET 4 (continued)

» Estimate flashing liquid Initial flow rate (Ibs/min): Sections 7.1{1
release rate from break in | DF: and 7.2.1
long pipeline Initial flow velocity (ft/min): Exhibit B-1
> Gas liquefied under Pipe pressurdpsi):
pressure completely filling Change in pipe elevatiofft):
pipeline Cross-sectional pipe aret?):
Release ratélbs/min):
» Estimate release duration | Time to stop releasémin): Section 7.1{1
Time to empty tank or pipémin):
Default release duration60 min
* Reuvise release rate for Release rate if outsidébs/min): Section 7.1J2
passive mitigation (enclosure)Factor to account for enclosure0.55 Section 3.1/2
Revised release rafgbs/min):
* Revise release rate for Active mitigation technique used
active mitigation
Time to stop release using active technique
(min):
Fractional release rate reduction by active
technique
Revised release rai@/min):
» Estimate release duration | Release duratior{min): Section 7.1{2
(mitigated release)
* Other release rate Release ratélb/min):
estimation Method of release rate estimatiqescribe): ____
Release duratior{min):
3. Determine Distance to the Endpoint
* Identify endpoint Endpoint (mg/L): Exhibit B-1
Specified by rule
* Determine gas density Dense Exhibit B-1
Consider conditions (e.g., | Neutrally buoyant
liquefied under pressure,
refrigeration)
* Determine site topography Rural: Section 2.1
Rural and urban defined by | Urban:

rule
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WORKSHEET 4 (continued)

* Determine appropriate Reference table useghumber): Chapter 8

reference table of distances Reference

Based on release duration, Tables 14-25

vapor density, and

topography

* Find distance on reference| Release rate/endpoir{heutrally buoyant): Chapter 8

table Distance to endpoin{mi): Reference
Tables 14-25

April 15, 1999 E-8




WORKSHEET 5

ALTERNATIVE SCENARIO ANALYSIS FOR TOXIC LIQUID

1. Select Scenario Guidance
Reference
+ Identify toxic liquidinclude | Name Chapter 6
gases liquefied by CAS number - - Chapter 7
refrigeration Concentration in solution or mixturgwt %): ___ | Section 7.2
+ Identify concentration for
solutions or mixtures
¢ Identify conditions of Atmospheric tank
storage or processing of toxicPressurized tank
liquid Pipeline
Other (describe):
* Develop alternative Describe scenario
scenario
> More likely than worst
case
> Should reach endpoint
off site
* Identify meteorological Atmospheric stability classF
conditions Wind speed3.0 m/s
Ambient temperature25°C
Relative humidity 50%
2. Determine Release Rate
Determine Liquid Release Rate and Quantity Released into Pool
+ Estimate liquid release rat¢ Hole area(in?): Section 7.2|1
from hole in atmospheric tankLLF: Equation 7-4
Liquid height above holdin): __ Exhibit B-2
Liquid release ratglbs/min):
» Estimate liquid release rate Initial flow rate (Ibs/min): Section 7.2|1
from break in long pipeline | DF: Equations 7-5
Initial flow velocity (ft/min): -7-7
Pipe pressurdpsi): Exhibit B-2
Change in pipe elevatiofit):
Cross-sectional pipe aret?):
Liquid release ratglbs/min):
» Estimate liquid release Time to stop releasémin): Section 7.2.1

duration

Time to empty tank to level of holgnin):

April 15, 1999



WORKSHEET 5 (continued)

* Revise liquid release Active mitigation techniquddescribe): Section 7.2.2
duration for active mitigation
Time to stop releas@min):
» Estimate quantity of liquid | Quantity of liquid released|Ibs): Sections 7.2]1,
released into pool 7.2.2,7.2.3
Liquid release rate times
duration
Determine Pool Area and Evaporation Rate from Pool
* Determine temperature of| Temperature of liquid(°C): Section 7.23
spilled liquid
* Determine appropriate LFA: Sections 7.2.3,
liquid factors for release rat¢ LFB: 3.2, and
estimation DF: Exhibits B-2,
TCF: B-4
Section 3.3
and Exhibit B-
3 for water
solutions
Estimate Maximum Pool Area
 Estimate maximum pool Maximum pool area(ft?): Section 7.2.3,
area 3.2.3 Equation
Spilled liquid forms pool 1 3-6
cm deep
Estimate Pool Area for Spill into Diked Area
» Estimate diked area Diked area(ft*): Section 7.2.3,
Consider possibility of failure Is diked area smaller than maximum area? 3.2.3
of dikes or overflow of diked| (If no, use maximum area to estimate release rate)
area Diked volume(ft®):
Spilled volume(ft®):
Is spilled volume smaller than diked volume?
(If no, estimate overflow)
Overflow volume(ft®):
Overflow area(ft?):
» Choose pool area for Pool area(ft?): Section 7.2.3,
evaporation rate estimation 3.2.3

Maximum area, diked area,
or sum of diked area and
overflow area

April 15, 1999
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WORKSHEET 5 (continued)

Estimate Release

Rate from Pool

» Estimate release rate for | Release ratglbs/min): Section 7.2(3
undiked pool Section 3.2.4
Based on quantity spilled, (mixtures)
LFA or LFB, and DF Equation 7-8

or 7-9
» Estimate release rate for | Release ratglbs/min): Sections 7.2.3,
diked pool (use pool area 3.2.2
from previous section) Section 3.2.4
Based on pool area and LFA (mixtures)
or LFB Equation 7-10

or 7-11
* Reuvise release rate for Revised release rafgbs/min): Sections 7.2.3,
temperature 3.25

Apply appropriate TCF to
release rate

Equation 3-11

* Reuvise release rate for Release rate if outsidébs/min): Sections 7.2.3,
release in building Factor to account for enclosure0.05 3.2.3
Apply factor to release rate | Revised release rafgbhs/min):
* Reuvise release rate for Active mitigation technique used Section 7.2]3
active mitigation technique
Fractional release rate reduction by active
technique
Revised release rai@/min):
* Compare liquid release rateRelease ratélb/min). Section 7.2|3
and pool evaporation rate
* Choose smaller release rate
as release rate for analysis
3. Determine Distance to the Endpoint
* Identify endpoint Endpoint (mg/L): Exhibit B-2
Specified by rule
* Determine vapor density | Dense Exhibit B-2
Neutrally buoyant
* Determine site topography Rural: Section 2.1
Rural and urban defined by | Urban:

rule
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WORKSHEET 5 (continued)

* Determine appropriate Reference table useghumber): Chapter 8

reference table of distances Reference

Based on release duration, Tables 14-25

vapor density, and

topography

* Find distance on reference| Release rate/endpoir{heutrally buoyant): Chapter 8

table Distance to endpoin{mi): Reference
Tables 14-25

April 15, 1999 E-12




WORKSHEET 6

ALTERNATIVE SCENARIO ANALYSIS FOR FLAMMABLE SUBSTANCE

1. Select Scenario Guidance
Reference
¢ Identify flammable Name Chapter 6
substance CAS number - -
¢ Identify conditions of Non-liquefied pressurized gas
storage or processing of Gas liquefied under pressure
flammable substance Gas liquefied by refrigeration
Liquid under atmospheric pressure
Treat gases liquefied by Liguid under pressure greater than atmospherig
refrigeration as liquids Other (describe):
¢ Identify appropriate Alternative scenario/type of fire or explosion
scenario (describe):
> Vapor cloud fire
> Pool fire
> BLEVE/fireball
> Vapor cloud explosion
> Other (not covered by
OCA Guidance)
2. Determine Release Rate
Determine Release Rate for Vapor Cloud Fire
* For gas releases and Release ratélbs/min): Section 9.1
flashing liquid releasesee Section 7.1
Worksheet 4 Equations 7-1,
7-2, 7-3
Exhibit C-2
 For liquid releases (non- | Liquid release ratglbs/min): Section 9.2
flashing),see Worksheet 5 | Liquid release duration(min): Section 7.2

Quantity in pool(lbs):
Release rate to aiflbs/min):

Equations 7-41
7-12
Exhibit C-3

Determine Pool Area

for Pool Fire

Estimate pool are&@Bee
Worksheet 5

Quantity in pool(Ibs):
Pool area(ft?):

Sections 10.2
Section 7.2
Exhibits C-2,
C-3

April 15, 1999
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WORKSHEET 6 (continued)

Determine Quantity for BLEVE
Determine quantity in tank | Quantity (Ibs): Section 10.3
Determine Quantity for Vapor Cloud Explosion
Determine quantity in tank | Quantity (Ibs): Section 10.4
3. Determine Distance to the Endpoint
* Identify endpoint suitable | Endpoint Chapter 6
for scenario Exhibits C-2,
> LFL C-3
> 5 kwint for 40
seconds
> 1 psi overpressure
Determine Distance to LFL for Vapor Cloud Fire
* Determine vapor density | Dense Exhibit B-2
Neutrally buoyant
* Determine site topography Rural: Section 2.1
Rural and urban defined by | Urban:
rule
* Determine appropriate Reference table useghumber): Section 10.]
reference table of distances Reference
Based on vapor density and Tables 26-29
topography
* Find distance on reference| Release rate/endpoir{heutrally buoyant): Section 10.1
table Distance to LFL(mi): Reference
Tables 26-29
Determine Distance to Heat Radiation Endpoint for Pool Fire
 Calculate distance to 5 PFF: Section 10.2
KW/m? Pool area(ft?): Equation 10-1
Distance(ft):
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WORKSHEET 6 (continued)

Determine Distance to Heat Radiation Endpoint for BLEVE

Determine distance for Quantity (Ibs): Section 10.3
radiation from fireball Distance(mi): Reference
Table 30

equivalent to 5 kW/im for 4dQ
seconds

Determine Distance to Overpressure Endpoint For Vapor Cloud Explosion

Determine distance to 1 psi | FFF: Section 10.4
Quantity in cloud can be | Quantity flashed Exhibit C-2
less than total quantity | Yield factor. Reference

Table 13

Yield factor can be less
than 10%

Distance to 1 ps{mi):

3=
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APPENDIX F
CHEMICAL ACCIDENT PREVENTION PROVISIONS

As codified at 40 CFR part 68 as of July 1, 1998



Pt. 67, App. A

local agent, any noncompliance pen-
alties owed by the source owner or op-
erator shall be paid to the State or
local agent.

APPENDIX A TO PART 67—TECHNICAL
SUPPORT DOCUMENT

NoTE: EPA will make copies of appendix A
available from: Director, Stationary Source
Compliance Division, EN-341, 401 M Street,
SW., Washington, DC 20460.

[54 FR 25259, June 20, 1989]

APPENDIX B TO PART 67—INSTRUCTION
MANUAL

NoTE: EPA will make copies of appendix B
available from: Director, Stationary Source
Compliance Division, EN-341, 401 M Street,
SW., Washington, DC 20460.

[54 FR 25259, June 20, 1989]

APPENDIX C TO PART 67—COMPUTER
PROGRAM

NoTEe: EPA will make copies of appendix C
available from: Director, Stationary Source
Compliance Division, EN-341, 401 M Street,
SW., Washington, DC 20460.

[54 FR 25259, June 20, 1989]

PART 68—CHEMICAL ACCIDENT
PREVENTION PROVISIONS

Subpart A—General

Sec.

68.1 Scope.

68.2 Stayed provisions.

68.3 Definitions.

68.10 Applicability.

68.12 General requirements.
68.15 Management.

Subpart B—Hazard Assessment

68.20 Applicability.

68.22 Offsite consequence analysis param-
eters.

68.25 Worst-case release scenario analysis.

68.28 Alternative release scenario analysis.

68.30 Defining offsite impacts—population.

68.33 Defining offsite impacts—environ-
ment.

68.36 Review and update.

68.39 Documentation.

68.42 Five-year accident history.

Subpart C—Program 2 Prevention Program

68.48 Safety information.
68.50 Hazard review.
68.52 Operating procedures.
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AUTHORITY: 42 U.S.C.

7661-7661f.

SOURCE: 59 FR 4493, Jan. 31, 1994, unless
otherwise noted.

7412(r), 7601(a)(l1),
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Subpart A—General

§68.1 Scope.

This part sets forth the list of regu-
lated substances and thresholds, the
petition process for adding or deleting
substances to the list of regulated sub-
stances, the requirements for owners or
operators of stationary sources con-
cerning the prevention of accidental
releases, and the State accidental re-
lease prevention programs approved
under section 112(r). The list of sub-
stances, threshold quantities, and acci-
dent prevention regulations promul-
gated under this part do not limit in
any way the general duty provisions
under section 112(r)(1).

§68.2 Stayed provisions.

(a) Notwithstanding any other provi-
sion of this part, the effectiveness of
the following provisions is stayed from
March 2, 1994 to December 22, 1997.

(1) In Sec. 68.3, the definition of ‘‘sta-
tionary source,” to the extent that
such definition includes naturally oc-
curring hydrocarbon reservoirs or
transportation subject to oversight or
regulation under a state natural gas or
hazardous liquid program for which the
state has in effect a certification to
DOT under 49 U.S.C. 60105;

(2) Section 68.115(b)(2) of this part, to
the extent that such provision requires
an owner or operator to treat as a regu-
lated flammable substance:

(i) Gasoline, when in distribution or
related storage for use as fuel for inter-
nal combustion engines;

(if) Naturally occurring hydrocarbon
mixtures prior to entry into a petro-
leum refining process unit or a natural
gas processing plant. Naturally occur-
ring hydrocarbon mixtures include any
of the following: condensate, crude oil,
field gas, and produced water, each as
defined in paragraph (b) of this section;

(iii) Other mixtures that contain a
regulated flammable substance and
that do not have a National Fire Pro-
tection Association flammability haz-
ard rating of 4, the definition of which
is in the NFPA 704, Standard System
for the Ildentification of the Fire Haz-
ards of Materials, National Fire Pro-
tection Association, Quincy, MA, 1990,
available from the National Fire Pro-
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tection Association, 1 Batterymarch
Park, Quincy, MA 02269-9101; and

(3) Section 68.130(a).

(b) From March 2, 1994 to December
22, 1997, the following definitions shall
apply to the stayed provisions de-
scribed in paragraph (a) of this section:

Condensate means hydrocarbon liquid
separated from natural gas that con-
denses because of changes in tempera-
ture, pressure, or both, and remains
liquid at standard conditions.

Crude oil means any naturally occur-
ring, unrefined petroleum liquid.

Field gas means gas extracted from a
production well before the gas enters a
natural gas processing plant.

Natural gas processing plant means
any processing site engaged in the ex-
traction of natural gas liquids from
field gas, fractionation of natural gas
liquids to natural gas products, or
both. A separator, dehydration unit,
heater treater, sweetening unit, com-
pressor, or similar equipment shall not
be considered a ‘‘processing site” un-
less such equipment is physically lo-
cated within a natural gas processing
plant (gas plant) site.

Petroleum refining process unit means
a process unit used in an establishment
primarily engaged in petroleum refin-
ing as defined in the Standard Indus-
trial Classification code for petroleum
refining (2911) and used for the follow-
ing: Producing transportation fuels
(such as gasoline, diesel fuels, and jet
fuels), heating fuels (such as kerosene,
fuel gas distillate, and fuel oils), or lu-
bricants; separating petroleum; or sep-
arating, cracking, reacting, or reform-
ing intermediate petroleum streams.
Examples of such units include, but are
not limited to, petroleum based solvent
units, alkylation units, catalytic
hydrotreating, catalytic hydrorefining,
catalytic hydrocracking, catalytic re-
forming, catalytic cracking, crude dis-
tillation, lube oil processing, hydrogen
production, isomerization, polymeriza-
tion, thermal processes, and blending,
sweetening, and treating processes. Pe-
troleum refining process units include
sulfur plants.

Produced water means water ex-
tracted from the earth from an oil or
natural gas production well, or that is
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separated from oil or natural gas after
extraction.

[59 FR 4493, Jan. 31, 1994, as amended at 61
FR 31731, June 20, 1996]

§68.3 Definitions.

For the purposes of this part:

Accidental release means an unantici-
pated emission of a regulated sub-
stance or other extremely hazardous
substance into the ambient air from a
stationary source.

Act means the Clean Air Act as
amended (42 U.S.C. 7401 et seq.)

Administrative controls mean written
procedural mechanisms used for hazard
control.

Administrator means the adminis-
trator of the U.S. Environmental Pro-
tection Agency.

AIChE/CCPS means the American In-
stitute of Chemical Engineers/Center
for Chemical Process Safety.

APl means the American Petroleum
Institute.

Article means a manufactured item,
as defined under 29 CFR 1910.1200(b),
that is formed to a specific shape or de-
sign during manufacture, that has end
use functions dependent in whole or in
part upon the shape or design during
end use, and that does not release or
otherwise result in exposure to a regu-
lated substance under normal condi-
tions of processing and use.

ASME means the American Society
of Mechanical Engineers.

CAS means the Chemical Abstracts
Service.

Catastrophic release means a major
uncontrolled emission, fire, or explo-
sion, involving one or more regulated
substances that presents imminent and

substantial endangerment to public
health and the environment.

Classified information means ‘‘classi-
fied information’ as defined in the

Classified Information Procedures Act,
18 U.S.C. App. 3, section 1(a) as ‘“‘any
information or material that has been
determined by the United States Gov-
ernment pursuant to an executive
order, statute, or regulation, to require
protection against unauthorized disclo-
sure for reasons of national security.”

Condensate means hydrocarbon liquid
separated from natural gas that con-
denses due to changes in temperature,

38

40 CFR Ch. | (7-1-98 Edition)

pressure, or both, and remains liquid at
standard conditions.

Covered process means a process that
has a regulated substance present in
more than a threshold quantity as de-
termined under §68.115.

Crude oil means any naturally occur-
ring, unrefined petroleum liquid.

Designated agency means the state,
local, or Federal agency designated by
the state under the provisions of
§68.215(d) .

DOT means the United States De-
partment of Transportation.

Environmental receptor means natural
areas such as national or state parks,
forests, or monuments; officially des-
ignated wildlife sanctuaries, preserves,
refuges, or areas; and Federal wilder-
ness areas, that could be exposed at
any time to toxic concentrations, radi-
ant heat, or overpressure greater than
or equal to the endpoints provided in
§68.22(a) , as a result of an accidental
release and that can be identified on
local U. S. Geological Survey maps.

Field gas means gas extracted from a
production well before the gas enters a
natural gas processing plant.

Hot work means work involving elec-
tric or gas welding, cutting, brazing, or
similar flame or spark-producing oper-
ations.

Implementing agency means the state
or local agency that obtains delegation
for an accidental release prevention
program under subpart E, 40 CFR part
63. The implementing agency may, but
is not required to, be the state or local
air permitting agency. If no state or
local agency is granted delegation,
EPA will be the implementing agency
for that state.

Injury means any effect on a human
that results either from direct expo-
sure to toxic concentrations; radiant
heat; or overpressures from accidental
releases or from the direct con-
sequences of a vapor cloud explosion
(such as flying glass, debris, and other
projectiles) from an accidental release
and that requires medical treatment or
hospitalization.

Major change means introduction of a
new process, process equipment, or reg-
ulated substance, an alteration of proc-
ess chemistry that results in any
change to safe operating limits, or
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other alteration that introduces a new
hazard.

Mechanical integrity means the proc-
ess of ensuring that process equipment
is fabricated from the proper materials
of construction and is properly in-
stalled, maintained, and replaced to
prevent failures and accidental re-
leases.

Medical treatment means treatment,
other than first aid, administered by a
physician or registered professional
personnel under standing orders from a
physician.

Mitigation or mitigation system means
specific activities, technologies, or
equipment designed or deployed to cap-
ture or control substances upon loss of
containment to minimize exposure of
the public or the environment. Passive
mitigation means equipment, devices,
or technologies that function without
human, mechanical, or other energy
input. Active mitigation means equip-
ment, devices, or technologies that
need human, mechanical, or other en-
ergy input to function.

NFPA means the National Fire Pro-
tection Association.

Natural gas processing plant (gas plant)
means any processing site engaged in
the extraction of natural gas liquids
from field gas, fractionation of mixed
natural gas liquids to natural gas prod-
ucts, or both, classified as North Amer-
ican Industrial Classification System
(NAICS) code 211112 (previously Stand-
ard Industrial Classification (SIC) code
1321).

Offsite means areas beyond the prop-
erty boundary of the stationary source,
and areas within the property bound-
ary to which the public has routine and
unrestricted access during or outside
business hours.

OSHA means the U.S. Occupational
Safety and Health Administration.
Owner or operator means any person
who owns, leases, operates, controls, or
supervises a stationary source.

Petroleum refining process unit means
a process unit used in an establishment
primarily engaged in petroleum refin-
ing as defined in NAICS code 32411 for
petroleum refining (formerly SIC code
2911) and used for the following: Pro-
ducing transportation fuels (such as
gasoline, diesel fuels, and jet fuels),
heating fuels (such as kerosene, fuel
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gas distillate, and fuel oils), or lubri-
cants; Separating petroleum; or Sepa-
rating, cracking, reacting, or reform-
ing intermediate petroleum streams.
Examples of such units include, but are
not limited to, petroleum based solvent
units, alkylation units, catalytic
hydrotreating, catalytic hydrorefining,
catalytic hydrocracking, catalytic re-
forming, catalytic cracking, crude dis-
tillation, lube oil processing, hydrogen
production, isomerization, polymeriza-
tion, thermal processes, and blending,
sweetening, and treating processes. Pe-
troleum refining process units include
sulfur plants.

Population means the public.

Process means any activity involving
a regulated substance including any
use, storage, manufacturing, handling,
or on-site movement of such sub-
stances, or combination of these activi-
ties. For the purposes of this defini-
tion, any group of vessels that are
interconnected, or separate vessels
that are located such that a regulated
substance could be involved in a poten-
tial release, shall be considered a sin-
gle process.

Produced water means water ex-
tracted from the earth from an oil or
natural gas production well, or that is
separated from oil or natural gas after
extraction.

Public means any person except em-
ployees or contractors at the station-
ary source.

Public receptor means offsite resi-
dences, institutions (e.g., schools, hos-
pitals), industrial, commercial, and of-
fice buildings, parks, or recreational
areas inhabited or occupied by the pub-
lic at any time without restriction by
the stationary source where members
of the public could be exposed to toxic
concentrations, radiant heat, or over-
pressure, as a result of an accidental
release.

Regulated substance is any substance
listed pursuant to section 112(r)(3) of
the Clean Air Act as amended, in
§68.130.

Replacement in kind means a replace-
ment that satisfies the design speci-
fications.

RMP means the risk management
plan required under subpart G of this
part.
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SIC means Standard Industrial Clas-
sification.

Stationary source means any build-
ings, structures, equipment, installa-
tions, or substance emitting stationary
activities which belong to the same in-
dustrial group, which are located on
one or more contiguous properties,
which are under the control of the
same person (or persons under common
control), and from which an accidental
release may occur. The term station-
ary source does not apply to transpor-
tation, including storage incident to
transportation, of any regulated sub-
stance or any other extremely hazard-
ous substance under the provisions of
this part. A stationary source includes
transportation containers used for
storage not incident to transportation
and transportation containers con-
nected to equipment at a stationary
source for loading or unloading. Trans-
portation includes, but is not limited
to, transportation subject to oversight
or regulation under 49 CFR parts 192,
193, or 195, or a state natural gas or
hazardous liquid program for which the
state has in effect a certification to
DOT under 49 U.S.C. section 60105. A
stationary source does not include nat-
urally occurring hydrocarbon res-
ervoirs. Properties shall not be consid-
ered contiguous solely because of a
railroad or pipeline right-of-way.

Threshold quantity means the quan-
tity specified for regulated substances
pursuant to section 112(r)(5) of the
Clean Air Act as amended, listed in
§68.130 and determined to be present at

a stationary source as specified in
§68.115 of this part.
Typical meteorological conditions

means the temperature, wind speed,
cloud cover, and atmospheric stability
class, prevailing at the site based on
data gathered at or near the site or
from a local meteorological station.

Vessel means any reactor, tank,
drum, barrel, cylinder, vat, kettle,
boiler, pipe, hose, or other container.

Worst-case release means the release
of the largest quantity of a regulated
substance from a vessel or process line
failure that results in the greatest dis-
tance to an endpoint defined in
§68.22(a).

[59 FR 4493, Jan. 31, 1994, as amended at 61
FR 31717, June 20, 1996; 63 FR 644, Jan. 6, 1998]
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§68.10 Applicability.

(a) An owner or operator of a station-
ary source that has more than a
threshold quantity of a regulated sub-
stance in a process, as determined
under §68.115, shall comply with the re-
quirements of this part no later than
the latest of the following dates:

(1) June 21, 1999;

(2) Three years after the date on
which a regulated substance is first
listed under §68.130; or

(3) The date on which a regulated
substance is first present above a
threshold quantity in a process.

(b) Program 1 eligibility require-
ments. A covered process is eligible for
Program 1 requirements as provided in
§68.12(b) if it meets all of the following
requirements:

(1) For the five years prior to the
submission of an RMP, the process has
not had an accidental release of a regu-
lated substance where exposure to the
substance, its reaction products, over-
pressure generated by an explosion in-
volving the substance, or radiant heat
generated by a fire involving the sub-
stance led to any of the following off-
site:

(i) Death;

(ii) Injury; or

(iii) Response or restoration activi-
ties for an exposure of an environ-
mental receptor;

(2) The distance to a toxic or flam-
mable endpoint for a worst-case release
assessment conducted under Subpart B
and §68.25 is less than the distance to
any public receptor, as defined in
§68.30; and

(3) Emergency response procedures
have been coordinated between the sta-
tionary source and local emergency
planning and response organizations.

(c) Program 2 eligibility require-
ments. A covered process is subject to
Program 2 requirements if it does not
meet the eligibility requirements of ei-
ther paragraph (b) or paragraph (d) of
this section.

(d) Program 3 eligibility require-
ments. A covered process is subject to
Program 3 if the process does not meet
the requirements of paragraph (b) of
this section, and if either of the follow-
ing conditions is met:
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(1) The process is in SIC code 2611,
2812, 2819, 2821, 2865, 2869, 2873, 2879, or
2911; or

(2) The process is subject to the
OSHA process safety management
standard, 29 CFR 1910.119.

(e) If at any time a covered process
no longer meets the eligibility criteria
of its Program level, the owner or oper-
ator shall comply with the require-
ments of the new Program level that
applies to the process and update the
RMP as provided in §68.190.

(f) The provisions of this part shall
not apply to an Outer Continental
Shelf (““‘OCS’’) source, as defined in 40
CFR 55.2.

[61 FR 31717, June 20, 1996, as amended at 63
FR 645, Jan. 6, 1998]

§68.12 General requirements.

(a) General requirements. The owner
or operator of a stationary source sub-
ject to this part shall submit a single
RMP, as provided in §§68.150 to 68.185.
The RMP shall include a registration
that reflects all covered processes.

(b) Program 1 requirements. In addi-
tion to meeting the requirements of
paragraph (a) of this section, the owner
or operator of a stationary source with
a process eligible for Program 1, as pro-
vided in §68.10(b), shall:

(1) Analyze the worst-case release
scenario for the process(es), as provided
in §68.25; document that the nearest
public receptor is beyond the distance
to a toxic or flammable endpoint de-
fined in §68.22(a); and submit in the
RMP the worst-case release scenario as
provided in §68.165;

(2) Complete the five-year accident
history for the process as provided in
§68.42 of this part and submit it in the
RMP as provided in §68.168;

(3) Ensure that response actions have
been coordinated with local emergency
planning and response agencies; and

(4) Certify in the RMP the following:
‘“Based on the criteria in 40 CFR 68.10,
the distance to the specified endpoint
for the worst-case accidental release
scenario for the following process(es) is
less than the distance to the nearest
public receptor: [list process(es)]. With-
in the past five years, the process(es)
has (have) had no accidental release
that caused offsite impacts provided in
the risk management program rule (40
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CFR 68.10(b)(1)). No additional meas-
ures are necessary to prevent offsite
impacts from accidental releases. In
the event of fire, explosion, or a release
of a regulated substance from the proc-
ess(es), entry within the distance to
the specified endpoints may pose a dan-
ger to public emergency responders.
Therefore, public emergency respond-
ers should not enter this area except as
arranged with the emergency contact
indicated in the RMP. The undersigned
certifies that, to the best of my knowl-
edge, information, and belief, formed
after reasonable inquiry, the informa-
tion submitted is true, accurate, and
complete. [Signature, title, date
signed].”

(c) Program 2 requirements. In addi-
tion to meeting the requirements of
paragraph (a) of this section, the owner
or operator of a stationary source with
a process subject to Program 2, as pro-
vided in §68.10(c), shall:

(1) Develop and implement a manage-
ment system as provided in §68.15;

(2) Conduct a hazard assessment as
provided in §§68.20 through 68.42;

(3) Implement the Program 2 preven-
tion steps provided in 8§868.48 through
68.60 or implement the Program 3 pre-
vention steps provided in 8§68.65
through 68.87;

(4) Develop and implement an emer-
gency response program as provided in
§§68.90 to 68.95; and

(5) Submit as part of the RMP the
data on prevention program elements
for Program 2 processes as provided in
§68.170.

(d) Program 3 requirements. In addi-
tion to meeting the requirements of
paragraph (a) of this section, the owner
or operator of a stationary source with
a process subject to Program 3, as pro-
vided in §68.10(d) shall:

(1) Develop and implement a manage-
ment system as provided in §68.15;

(2) Conduct a hazard assessment as
provided in §§68.20 through 68.42;

(3) Implement the prevention
quirements of §§68.65 through 68.87;

(4) Develop and implement an emer-
gency response program as provided in
§§68.90 to 68.95 of this part; and

(5) Submit as part of the RMP the
data on prevention program elements

re-
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for Program 3 processes as provided in
§68.175.

[61 FR 31718, June 20, 1996]

§68.15 Management.

(a) The owner or operator of a sta-
tionary source with processes subject
to Program 2 or Program 3 shall de-
velop a management system to oversee
the implementation of the risk man-
agement program elements.

(b) The owner or operator shall as-
sign a qualified person or position that
has the overall responsibility for the
development, implementation, and in-
tegration of the risk management pro-
gram elements.

() When responsibility for imple-
menting individual requirements of
this part is assigned to persons other
than the person identified under para-
graph (b) of this section, the names or
positions of these people shall be docu-
mented and the lines of authority de-
fined through an organization chart or
similar document.

[61 FR 31718, June 20, 1996]
Subpart B—Hazard Assessment

SOURCE: 61 FR 31718, June 20, 1996, unless
otherwise noted.

§68.20 Applicability.

The owner or operator of a station-
ary source subject to this part shall
prepare a worst-case release scenario
analysis as provided in §68.25 of this
part and complete the five-year acci-
dent history as provided in §68.42. The
owner or operator of a Program 2 and 3
process must comply with all sections
in this subpart for these processes.

§68.22 Offsite
parameters.

(a) Endpoints. For analyses of offsite
consequences, the following endpoints
shall be used:

(1) Toxics. The toxic endpoints pro-
vided in appendix A of this part.

(2) Flammables. The endpoints for
flammables vary according to the sce-
narios studied:

(i) Explosion. An overpressure of 1
psi.

(i) Radiant heat/exposure time. A ra-
diant heat of 5 kw/m2 for 40 seconds.

consequence analysis
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(iii) Lower flammability limit. A
lower flammability limit as provided in
NFPA documents or other generally
recognized sources.

(b) Wind speed/atmospheric stability
class. For the worst-case release analy-
sis, the owner or operator shall use a
wind speed of 1.5 meters per second and
F atmospheric stability class. If the
owner or operator can demonstrate
that local meteorological data applica-
ble to the stationary source show a
higher minimum wind speed or less sta-
ble atmosphere at all times during the
previous three years, these minimums
may be used. For analysis of alter-
native scenarios, the owner or operator
may use the typical meteorological
conditions for the stationary source.

() Ambient temperature/humidity.
For worst-case release analysis of a
regulated toxic substance, the owner or
operator shall use the highest daily
maximum temperature in the previous
three years and average humidity for
the site, based on temperature/humid-
ity data gathered at the stationary
source or at a local meteorological sta-
tion; an owner or operator using the
RMP Offsite Consequence Analysis
Guidance may use 25°C and 50 percent
humidity as values for these variables.
For analysis of alternative scenarios,
the owner or operator may use typical
temperature/humidity data gathered at
the stationary source or at a local me-
teorological station.

(d) Height of release. The worst-case
release of a regulated toxic substance
shall be analyzed assuming a ground
level (0 feet) release. For an alternative
scenario analysis of a regulated toxic
substance, release height may be deter-
mined by the release scenario.

(e) Surface roughness. The owner or
operator shall use either urban or rural
topography, as appropriate. Urban
means that there are many obstacles in
the immediate area; obstacles include
buildings or trees. Rural means there
are no buildings in the immediate area
and the terrain is generally flat and
unobstructed.

(f) Dense or neutrally buoyant gases.
The owner or operator shall ensure
that tables or models used for disper-
sion analysis of regulated toxic sub-
stances appropriately account for gas
density.
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(g) Temperature of released sub-
stance. For worst case, liquids other
than gases liquified by refrigeration
only shall be considered to be released
at the highest daily maximum tem-
perature, based on data for the pre-
vious three years appropriate for the
stationary source, or at process tem-
perature, whichever is higher. For al-
ternative scenarios, substances may be
considered to be released at a process
or ambient temperature that is appro-
priate for the scenario.

§68.25 Worst-case release scenario

analysis.

(a) The owner or operator shall ana-
lyze and report in the RMP:

(1) For Program 1 processes, one
worst-case release scenario for each
Program 1 process;

(2) For Program 2 and 3 processes:

(i) One worst-case release scenario
that is estimated to create the greatest
distance in any direction to an end-
point provided in appendix A of this
part resulting from an accidental re-
lease of regulated toxic substances
from covered processes under worst-
case conditions defined in §68.22;

(if) One worst-case release scenario
that is estimated to create the greatest
distance in any direction to an end-
point defined in §68.22(a) resulting from
an accidental release of regulated flam-
mable substances from covered proc-
esses under worst-case conditions de-
fined in §68.22; and

(iii) Additional worst-case release
scenarios for a hazard class if a worst-
case release from another covered proc-
ess at the stationary source potentially
affects public receptors different from
those potentially affected by the worst-
case release scenario developed under
paragraphs (a)(2)(i) or (a)(2)(ii) of this
section.

(b) Determination of worst-case release
quantity. The worst-case release quan-
tity shall be the greater of the follow-
ing:

(1) For substances in a vessel, the
greatest amount held in a single vessel,
taking into account administrative
controls that limit the maximum quan-
tity; or

(2) For substances in pipes, the great-
est amount in a pipe, taking into ac-
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count administrative controls that
limit the maximum quantity.

(c) Worst-case release scenario—toxic
gases. (1) For regulated toxic sub-
stances that are normally gases at am-
bient temperature and handled as a gas
or as a liquid under pressure, the owner
or operator shall assume that the
quantity in the vessel or pipe, as deter-
mined under paragraph (b) of this sec-
tion, is released as a gas over 10 min-
utes. The release rate shall be assumed
to be the total quantity divided by 10
unless passive mitigation systems are
in place.

(2) For gases handled as refrigerated
liquids at ambient pressure:

(i) If the released substance is not
contained by passive mitigation sys-
tems or if the contained pool would
have a depth of 1 cm or less, the owner
or operator shall assume that the sub-
stance is released as a gas in 10 min-
utes;

(ii) If the released substance is con-
tained by passive mitigation systems
in a pool with a depth greater than 1
cm, the owner or operator may assume
that the quantity in the vessel or pipe,
as determined under paragraph (b) of
this section, is spilled instantaneously
to form a liquid pool. The volatiliza-
tion rate (release rate) shall be cal-
culated at the boiling point of the sub-
stance and at the conditions specified
in paragraph (d) of this section.

(d) Worst-case release scenario—toxic
liquids. (1) For regulated toxic sub-
stances that are normally liquids at
ambient temperature, the owner or op-
erator shall assume that the quantity
in the vessel or pipe, as determined
under paragraph (b) of this section, is
spilled instantaneously to form a liquid
pool.

(i) The surface area of the pool shall
be determined by assuming that the
liquid spreads to 1 centimeter deep un-
less passive mitigation systems are in
place that serve to contain the spill
and limit the surface area. Where pas-
sive mitigation is in place, the surface
area of the contained liquid shall be
used to calculate the volatilization
rate.

(ii) If the release would occur onto a
surface that is not paved or smooth,
the owner or operator may take into
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account the actual surface characteris-
tics.

(2) The volatilization rate shall ac-
count for the highest daily maximum
temperature occurring in the past
three years, the temperature of the
substance in the vessel, and the con-
centration of the substance if the lig-
uid spilled is a mixture or solution.

(3) The rate of release to air shall be
determined from the volatilization rate
of the liquid pool. The owner or opera-
tor may use the methodology in the
RMP Offsite Consequence Analysis
Guidance or any other publicly avail-
able techniques that account for the
modeling conditions and are recognized
by industry as applicable as part of
current practices. Proprietary models
that account for the modeling condi-
tions may be used provided the owner
or operator allows the implementing
agency access to the model and de-
scribes model features and differences
from publicly available models to local
emergency planners upon request.

(e) Worst-case release scenario—
flammables. The owner or operator shall
assume that the quantity of the sub-
stance, as determined under paragraph
(b) of this section, vaporizes resulting
in a vapor cloud explosion. A yield fac-
tor of 10 percent of the available en-
ergy released in the explosion shall be
used to determine the distance to the
explosion endpoint if the model used is
based on TNT-equivalent methods.

(f) Parameters to be applied. The owner
or operator shall use the parameters
defined in §68.22 to determine distance
to the endpoints. The owner or opera-
tor may use the methodology provided
in the RMP Offsite Consequence Analy-
sis Guidance or any commercially or
publicly available air dispersion model-
ing techniques, provided the techniques
account for the modeling conditions
and are recognized by industry as ap-
plicable as part of current practices.
Proprietary models that account for
the modeling conditions may be used
provided the owner or operator allows
the implementing agency access to the
model and describes model features and
differences from publicly available
models to local emergency planners
upon request.

(g) Consideration of passive mitigation.
Passive mitigation systems may be
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considered for the analysis of worst
case provided that the mitigation sys-
tem is capable of withstanding the re-
lease event triggering the scenario and
would still function as intended.

(h) Factors in selecting a worst-case sce-
nario. Notwithstanding the provisions
of paragraph (b) of this section, the
owner or operator shall select as the
worst case for flammable regulated
substances or the worst case for regu-
lated toxic substances, a scenario based
on the following factors if such a sce-
nario would result in a greater distance
to an endpoint defined in §68.22(a) be-
yond the stationary source boundary
than the scenario provided under para-
graph (b) of this section:

(1) Smaller quantities handled at
higher process temperature or pres-
sure; and

(2) Proximity to the boundary of the
stationary source.

§68.28 Alternative release scenario

analysis.

(@) The number of scenarios. The
owner or operator shall identify and
analyze at least one alternative release
scenario for each regulated toxic sub-
stance held in a covered process(es) and
at least one alternative release sce-
nario to represent all flammable sub-
stances held in covered processes.

(b) Scenarios to consider. (1) For each
scenario required under paragraph (a)
of this section, the owner or operator
shall select a scenario:

(i) That is more likely to occur than
the worst-case release scenario under
§68.25; and

(ii) That will reach an endpoint off-
site, unless no such scenario exists.

(2) Release scenarios considered
should include, but are not limited to,
the following, where applicable:

(i) Transfer hose releases due to
splits or sudden hose uncoupling;

(ii) Process piping releases from fail-
ures at flanges, joints, welds, valves
and valve seals, and drains or bleeds;

(iii) Process vessel or pump releases
due to cracks, seal failure, or drain,
bleed, or plug failure;

(iv) Vessel overfilling and spill, or
overpressurization and venting through
relief valves or rupture disks; and
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(v) Shipping container mishandling
and breakage or puncturing leading to
a spill.

(c) Parameters to be applied. The
owner or operator shall use the appro-
priate parameters defined in §68.22 to
determine distance to the endpoints.
The owner or operator may use either
the methodology provided in the RMP
Offsite Consequence Analysis Guidance
or any commercially or publicly avail-
able air dispersion modeling tech-
niques, provided the techniques ac-
count for the specified modeling condi-
tions and are recognized by industry as
applicable as part of current practices.
Proprietary models that account for
the modeling conditions may be used
provided the owner or operator allows
the implementing agency access to the
model and describes model features and
differences from publicly available
models to local emergency planners
upon request.

(d) Consideration of mitigation. Ac-
tive and passive mitigation systems
may be considered provided they are
capable of withstanding the event that
triggered the release and would still be
functional.

(e) Factors in selecting scenarios.
The owner or operator shall consider
the following in selecting alternative
release scenarios:

(1) The five-year accident history
provided in §68.42; and

(2) Failure scenarios identified under
§68.50 or §68.67.

§68.30 Defining offsite impacts—popu-
lation.

(a) The owner or operator shall esti-
mate in the RMP the population within
a circle with its center at the point of
the release and a radius determined by
the distance to the endpoint defined in
§68.22(a).

(b) Population to be defined. Popu-
lation shall include residential popu-
lation. The presence of institutions
(schools, hospitals, prisons), parks and
recreational areas, and major commer-
cial, office, and industrial buildings
shall be noted in the RMP.

(c) Data sources acceptable. The owner
or operator may use the most recent
Census data, or other updated informa-
tion, to estimate the population poten-
tially affected.
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(d) Level of accuracy. Population shall
be estimated to two significant digits.

8§68.33 Defining offsite impacts—envi-
ronment.

(a) The owner or operator shall list in
the RMP environmental receptors
within a circle with its center at the
point of the release and a radius deter-
mined by the distance to the endpoint
defined in §68.22(a) of this part.

(b) Data sources acceptable. The
owner or operator may rely on infor-
mation provided on local U.S. Geologi-
cal Survey maps or on any data source
containing U.S.G.S. data to identify
environmental receptors.

68.36 Review and update.

(a) The owner or operator shall re-
view and update the offsite con-
sequence analyses at least once every
five years.

(b) If changes in processes, quantities
stored or handled, or any other aspect
of the stationary source might reason-
ably be expected to increase or de-
crease the distance to the endpoint by
a factor of two or more, the owner or
operator shall complete a revised anal-
ysis within six months of the change
and submit a revised risk management
plan as provided in §68.190.

§68.39 Documentation.

The owner or operator shall maintain
the following records on the offsite
consequence analyses:

(a) For worst-case scenarios, a de-
scription of the vessel or pipeline and
substance selected as worst case, as-
sumptions and parameters used, and
the rationale for selection; assump-
tions shall include use of any adminis-
trative controls and any passive miti-
gation that were assumed to limit the
quantity that could be released. Docu-
mentation shall include the antici-
pated effect of the controls and mitiga-
tion on the release quantity and rate.

(b) For alternative release scenarios,
a description of the scenarios identi-
fied, assumptions and parameters used,
and the rationale for the selection of
specific scenarios; assumptions shall
include use of any administrative con-
trols and any mitigation that were as-
sumed to limit the quantity that could
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be released. Documentation shall in-
clude the effect of the controls and
mitigation on the release quantity and
rate.

(¢) Documentation of estimated
quantity released, release rate, and du-
ration of release.

(d) Methodology used to determine
distance to endpoints.

(e) Data used to estimate population
and environmental receptors poten-
tially affected.

§68.42 Five-year accident history.

(a) The owner or operator shall in-
clude in the five-year accident history
all accidental releases from covered
processes that resulted in deaths, inju-
ries, or significant property damage on
site, or known offsite deaths, injuries,
evacuations, sheltering in place, prop-
erty damage, or environmental dam-
age.

(b) Data required. For each accidental
release included, the owner or operator
shall report the following information:

(1) Date, time, and approximate dura-
tion of the release;

(2) Chemical(s) released;

(3) Estimated quantity released
pounds;

(4) The type of release event and its
source;

(5) Weather conditions, if known;

(6) On-site impacts;

(7) Known offsite impacts;

(8) Initiating event and contributing
factors if known;

(9) Whether offsite responders were
notified if known; and

(10) Operational or process changes
that resulted from investigation of the
release.

(c) Level of accuracy. Numerical esti-
mates may be provided to two signifi-
cant digits.

in

Subpart C—Program 2 Prevention
Program

SOURCE: 61 FR 31721, June 20, 1996, unless
otherwise noted.

§68.48 Safety information.

(a) The owner or operator shall com-
pile and maintain the following up-to-
date safety information related to the
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regulated substances, and
equipment:

(1) Material Safety Data Sheets that
meet the requirements of 29 CFR
1910.1200(Q);

(2) Maximum intended inventory of
equipment in which the regulated sub-
stances are stored or processed;

(3) Safe upper and lower tempera-
tures, pressures, flows, and composi-
tions;

(4) Equipment specifications; and

(5) Codes and standards used to de-
sign, build, and operate the process.

(b) The owner or operator shall en-
sure that the process is designed in
compliance with recognized and gen-
erally accepted good engineering prac-
tices. Compliance with Federal or state
regulations that address industry-spe-
cific safe design or with industry-spe-
cific design codes and standards may be
used to demonstrate compliance with
this paragraph.

(c) The owner or operator shall up-
date the safety information if a major
change occurs that makes the informa-
tion inaccurate.

processes,

§68.50 Hazard review.

(a) The owner or operator shall con-
duct a review of the hazards associated
with the regulated substances, process,
and procedures. The review shall iden-
tify the following:

(1) The hazards associated with the
process and regulated substances;

(2) Opportunities for equipment mal-
functions or human errors that could
cause an accidental release;

(3) The safeguards used or needed to
control the hazards or prevent equip-
ment malfunction or human error; and

(4) Any steps used or needed to detect
or monitor releases.

(b) The owner or operator may use
checklists developed by persons or or-
ganizations knowledgeable about the
process and equipment as a guide to
conducting the review. For processes
designed to meet industry standards or
Federal or state design rules, the haz-
ard review shall, by inspecting all
equipment, determine whether the
process is designed, fabricated, and op-
erated in accordance with the applica-
ble standards or rules.
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(c) The owner or operator shall docu-
ment the results of the review and en-
sure that problems identified are re-
solved in a timely manner.

(d) The review shall be updated at
least once every five years. The owner
or operator shall also conduct reviews
whenever a major change in the proc-
ess occurs; all issues identified in the
review shall be resolved before startup
of the changed process.

§68.52 Operating procedures.

(a) The owner or operator shall pre-
pare written operating procedures that
provide clear instructions or steps for
safely conducting activities associated
with each covered process consistent
with the safety information for that
process. Operating procedures or in-
structions provided by equipment man-
ufacturers or developed by persons or
organizations knowledgeable about the
process and equipment may be used as
a basis for a stationary source’s operat-
ing procedures.

(b) The procedures shall address the
following:

(1) Initial startup;

(2) Normal operations;

(3) Temporary operations;

(4) Emergency shutdown and oper-
ations;

(5) Normal shutdown;

(6) Startup following a normal or
emergency shutdown or a major change
that requires a hazard review;

(7) Consequences of deviations and
steps required to correct or avoid devi-
ations; and

(8) Equipment inspections.

(c) The owner or operator shall en-
sure that the operating procedures are
updated, if necessary, whenever a
major change occurs and prior to start-
up of the changed process.

§68.54 Training.

(a) The owner or operator shall en-
sure that each employee presently op-
erating a process, and each employee
newly assigned to a covered process
have been trained or tested competent
in the operating procedures provided in
§68.52 that pertain to their duties. For
those employees already operating a
process on June 21, 1999, the owner or
operator may certify in writing that
the employee has the required knowl-
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edge, skills, and abilities to safely
carry out the duties and responsibil-
ities as provided in the operating pro-
cedures.

(b) Refresher training. Refresher
training shall be provided at least
every three years, and more often if
necessary, to each employee operating
a process to ensure that the employee
understands and adheres to the current
operating procedures of the process.
The owner or operator, in consultation
with the employees operating the proc-
ess, shall determine the appropriate
frequency of refresher training.

(c) The owner or operator may use
training conducted under Federal or
state regulations or under industry-
specific standards or codes or training
conducted by covered process equip-
ment vendors to demonstrate compli-
ance with this section to the extent
that the training meets the require-
ments of this section.

(d) The owner or operator shall en-
sure that operators are trained in any
updated or new procedures prior to
startup of a process after a major
change.

§68.56 Maintenance.

(a) The owner or operator shall pre-
pare and implement procedures to
maintain the on-going mechanical in-
tegrity of the process equipment. The
owner or operator may use procedures
or instructions provided by covered
process equipment vendors or proce-
dures in Federal or state regulations or
industry codes as the basis for station-
ary source maintenance procedures.

(b) The owner or operator shall train
or cause to be trained each employee
involved in maintaining the on-going
mechanical integrity of the process. To
ensure that the employee can perform
the job tasks in a safe manner, each
such employee shall be trained in the
hazards of the process, in how to avoid
or correct unsafe conditions, and in the
procedures applicable to the employ-
ee’s job tasks.

(c) Any maintenance contractor shall
ensure that each contract maintenance
employee is trained to perform the
maintenance procedures developed
under paragraph (a) of this section.
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(d) The owner or operator shall per-
form or cause to be performed inspec-
tions and tests on process equipment.
Inspection and testing procedures shall
follow recognized and generally accept-
ed good engineering practices. The fre-
quency of inspections and tests of proc-
ess equipment shall be consistent with
applicable manufacturers’ rec-
ommendations, industry standards or
codes, good engineering practices, and
prior operating experience.

§68.58 Compliance audits.

(a) The owner or operator shall cer-
tify that they have evaluated compli-
ance with the provisions of this sub-
part at least every three years to ver-
ify that the procedures and practices
developed under the rule are adequate
and are being followed.

(b) The compliance audit shall be
conducted by at least one person
knowledgeable in the process.

(c) The owner or operator shall de-
velop a report of the audit findings.

(d) The owner or operator shall
promptly determine and document an
appropriate response to each of the
findings of the compliance audit and
document that deficiencies have been
corrected.

(e) The owner or operator shall retain
the two (2) most recent compliance
audit reports. This requirement does
not apply to any compliance audit re-
port that is more than five years old.

§68.60 Incident investigation.

(a) The owner or operator shall inves-
tigate each incident which resulted in,
or could reasonably have resulted in a
catastrophic release.

(b) An incident investigation shall be
initiated as promptly as possible, but
not later than 48 hours following the
incident.

(c) A summary shall be prepared at
the conclusion of the investigation
which includes at a minimum:

(1) Date of incident;

(2) Date investigation began;

(3) A description of the incident;

(4) The factors that contributed to
the incident; and,

(5) Any recommendations resulting
from the investigation.

(d) The owner or operator shall
promptly address and resolve the inves-
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tigation findings and recommenda-
tions. Resolutions and corrective ac-
tions shall be documented.

(e) The findings shall be reviewed
with all affected personnel whose job
tasks are affected by the findings.

(f) Investigation summaries shall be
retained for five years.

Subpart D—Program 3 Prevention
Program

SOURCE: 61 FR 31722, June 20, 1996, unless
otherwise noted.

§68.65 Process safety information.

(a) In accordance with the schedule
set forth in §68.67, the owner or opera-
tor shall complete a compilation of
written process safety information be-
fore conducting any process hazard
analysis required by the rule. The com-
pilation of written process safety infor-
mation is to enable the owner or opera-
tor and the employees involved in oper-
ating the process to identify and under-
stand the hazards posed by those proc-
esses involving regulated substances.
This process safety information shall
include information pertaining to the
hazards of the regulated substances
used or produced by the process, infor-
mation pertaining to the technology of
the process, and information pertain-
ing to the equipment in the process.

(b) Information pertaining to the
hazards of the regulated substances in
the process. This information shall
consist of at least the following:

(1) Toxicity information;

(2) Permissible exposure limits;

(3) Physical data;

(4) Reactivity data:

(5) Corrosivity data;

(6) Thermal and chemical stability
data; and

(7) Hazardous effects of inadvertent
mixing of different materials that
could foreseeably occur.

NOTE TO PARAGRAPH (b): Material Safety
Data Sheets meeting the requirements of 29
CFR 1910.1200(g) may be used to comply with
this requirement to the extent they contain
the information required by this subpara-
graph.

(c¢) Information pertaining to the
technology of the process.



Environmental Protection Agency

(1) Information concerning the tech-
nology of the process shall include at
least the following:

(i) A block flow diagram or simplified
process flow diagram;

(ii) Process chemistry;

(iii) Maximum intended inventory;

(iv) Safe upper and lower limits for
such items as temperatures, pressures,
flows or compositions; and,

(v) An evaluation of the consequences
of deviations.

(2) Where the original technical in-
formation no longer exists, such infor-
mation may be developed in conjunc-
tion with the process hazard analysis
in sufficient detail to support the anal-
ysis.

(d) Information pertaining to the
equipment in the process.

(1) Information pertaining to the
equipment in the process shall include:

(i) Materials of construction;

(if) Piping and instrument diagrams
(P&ID’s);

(iii) Electrical classification;

(iv) Relief system design and design
basis;

(v) Ventilation system design;

(vi) Design codes and standards em-
ployed;

(vii) Material and energy balances for
processes built after June 21, 1999; and

(viii) Safety systems (e.g. interlocks,
detection or suppression systems).

(2) The owner or operator shall docu-
ment that equipment complies with
recognized and generally accepted good
engineering practices.

(3) For existing equipment designed
and constructed in accordance with
codes, standards, or practices that are
no longer in general use, the owner or
operator shall determine and document
that the equipment is designed, main-
tained, inspected, tested, and operating
in a safe manner.

§68.67 Process hazard analysis.

(a) The owner or operator shall per-
form an initial process hazard analysis
(hazard evaluation) on processes cov-
ered by this part. The process hazard
analysis shall be appropriate to the
complexity of the process and shall
identify, evaluate, and control the haz-
ards involved in the process. The owner
or operator shall determine and docu-
ment the priority order for conducting
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process hazard analyses based on a ra-
tionale which includes such consider-
ations as extent of the process hazards,
number of potentially affected employ-
ees, age of the process, and operating
history of the process. The process haz-
ard analysis shall be conducted as soon
as possible, but not later than June 21,
1999. Process hazards analyses com-
pleted to comply with 29 CFR
1910.119(e) are acceptable as initial
process hazards analyses. These process
hazard analyses shall be updated and
revalidated, based on their completion
date.

(b) The owner or operator shall use
one or more of the following meth-
odologies that are appropriate to deter-
mine and evaluate the hazards of the
process being analyzed.

(1) What-If;

(2) Checklist;

(3) What-If/Checklist;

(4) Hazard and Operability Study
(HAZOP);

(5) Failure Mode and Effects Analysis
(FMEA);

(6) Fault Tree Analysis; or

(7) An appropriate equivalent meth-
odology.

(c) The process hazard analysis shall
address:

(1) The hazards of the process;

(2) The identification of any previous
incident which had a likely potential
for catastrophic consequences.

(3) Engineering and administrative
controls applicable to the hazards and
their interrelationships such as appro-
priate application of detection meth-
odologies to provide early warning of
releases. (Acceptable detection meth-
ods might include process monitoring
and control instrumentation with
alarms, and detection hardware such as
hydrocarbon sensors.);

(4) Consequences of failure of engi-
neering and administrative controls;

(5) Stationary source siting;

(6) Human factors; and

(7) A qualitative evaluation of a
range of the possible safety and health
effects of failure of controls.

(d) The process hazard analysis shall
be performed by a team with expertise
in engineering and process operations,
and the team shall include at least one
employee who has experience and
knowledge specific to the process being
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evaluated. Also, one member of the
team must be knowledgeable in the
specific process hazard analysis meth-
odology being used.

(e) The owner or operator shall estab-
lish a system to promptly address the
team’s findings and recommendations;
assure that the recommendations are
resolved in a timely manner and that
the resolution is documented; docu-
ment what actions are to be taken;
complete actions as soon as possible;
develop a written schedule of when
these actions are to be completed; com-
municate the actions to operating,
maintenance and other employees
whose work assignments are in the
process and who may be affected by the
recommendations or actions.

(f) At least every five (5) years after
the completion of the initial process
hazard analysis, the process hazard
analysis shall be updated and revali-
dated by a team meeting the require-
ments in paragraph (d) of this section,
to assure that the process hazard anal-
ysis is consistent with the current
process. Updated and revalidated proc-
ess hazard analyses completed to com-
ply with 29 CFR 1910.119(e) are accept-
able to meet the requirements of this
paragraph.

(g) The owner or operator shall re-
tain process hazards analyses and up-
dates or revalidations for each process
covered by this section, as well as the
documented resolution of recommenda-
tions described in paragraph (e) of this
section for the life of the process.

§68.69 Operating procedures.

(a) The owner or operator shall de-
velop and implement written operating
procedures that provide clear instruc-
tions for safely conducting activities
involved in each covered process con-
sistent with the process safety infor-
mation and shall address at least the
following elements.

(1) Steps for each operating phase:

(i) Initial startup;

(if) Normal operations;

(iii) Temporary operations;

(iv) Emergency shutdown including
the conditions under which emergency
shutdown is required, and the assign-
ment of shutdown responsibility to
qualified operators to ensure that
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emergency shutdown is executed in a
safe and timely manner.

(v) Emergency operations;

(vi) Normal shutdown; and,

(vii) Startup following a turnaround,
or after an emergency shutdown.

(2) Operating limits:

(i) Consequences of deviation; and

(ii) Steps required to correct or avoid
deviation.

(3) Safety and health considerations:

(i) Properties of, and hazards pre-
sented by, the chemicals used in the
process;

(i) Precautions necessary to prevent
exposure, including engineering con-
trols, administrative controls, and per-
sonal protective equipment;

(iii) Control measures to be taken if
physical contact or airborne exposure
occurs;

(iv) Quality control for raw materials
and control of hazardous chemical in-
ventory levels; and,

(v) Any special or unique hazards.

(4) Safety systems and their func-
tions.

(b) Operating procedures shall be
readily accessible to employees who
work in or maintain a process.

(c) The operating procedures shall be
reviewed as often as necessary to as-
sure that they reflect current operat-
ing practice, including changes that re-
sult from changes in process chemicals,
technology, and equipment, and
changes to stationary sources. The
owner or operator shall certify annu-
ally that these operating procedures
are current and accurate.

(d) The owner or operator shall de-
velop and implement safe work prac-
tices to provide for the control of haz-
ards during operations such as lockout/
tagout; confined space entry; opening
process equipment or piping; and con-
trol over entrance into a stationary
source by maintenance, contractor,
laboratory, or other support personnel.
These safe work practices shall apply
to employees and contractor employ-
ees.

§68.71 Training.

(a) Initial training. (1) Each employee
presently involved in operating a proc-
ess, and each employee before being in-
volved in operating a newly assigned
process, shall be trained in an overview
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of the process and in the operating pro-
cedures as specified in §68.69. The
training shall include emphasis on the
specific safety and health hazards,
emergency operations including shut-
down, and safe work practices applica-
ble to the employee’s job tasks.

(2) In lieu of initial training for those
employees already involved in operat-
ing a process on June 21, 1999 an owner
or operator may certify in writing that
the employee has the required knowl-
edge, skills, and abilities to safely
carry out the duties and responsibil-
ities as specified in the operating pro-
cedures.

(b) Refresher training. Refresher train-
ing shall be provided at least every
three years, and more often if nec-
essary, to each employee involved in
operating a process to assure that the
employee understands and adheres to
the current operating procedures of the
process. The owner or operator, in con-
sultation with the employees involved
in operating the process, shall deter-
mine the appropriate frequency of re-
fresher training.

(c) Training documentation. The owner
or operator shall ascertain that each
employee involved in operating a proc-
ess has received and understood the
training required by this paragraph.
The owner or operator shall prepare a
record which contains the identity of
the employee, the date of training, and
the means used to verify that the em-
ployee understood the training.

§68.73 Mechanical integrity.

(a) Application. Paragraphs (b)
through (f) of this section apply to the
following process equipment:

(1) Pressure vessels and
tanks;

(2) Piping systems (including piping
components such as valves);

(3) Relief and vent systems and de-
vices;

(4) Emergency shutdown systems;

(5) Controls (including monitoring
devices and sensors, alarms, and inter-
locks) and,

(6) Pumps.

(b) Written procedures. The owner or
operator shall establish and implement
written procedures to maintain the on-
going integrity of process equipment.

storage
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(c) Training for process maintenance
activities. The owner or operator shall
train each employee involved in main-
taining the on-going integrity of proc-
ess equipment in an overview of that
process and its hazards and in the pro-
cedures applicable to the employee’s
job tasks to assure that the employee
can perform the job tasks in a safe
manner.

(d) Inspection and testing. (1) Inspec-
tions and tests shall be performed on
process equipment.

(2) Inspection and testing procedures
shall follow recognized and generally
accepted good engineering practices.

(3) The frequency of inspections and
tests of process equipment shall be con-
sistent with applicable manufacturers’
recommendations and good engineering
practices, and more frequently if deter-
mined to be necessary by prior operat-
ing experience.

(4) The owner or operator shall docu-
ment each inspection and test that has
been performed on process equipment.
The documentation shall identify the
date of the inspection or test, the name
of the person who performed the in-
spection or test, the serial number or
other identifier of the equipment on
which the inspection or test was per-
formed, a description of the inspection
or test performed, and the results of
the inspection or test.

(e) Equipment deficiencies. The owner
or operator shall correct deficiencies in
equipment that are outside acceptable
limits (defined by the process safety in-
formation in §68.65) before further use
or in a safe and timely manner when
necessary means are taken to assure
safe operation.

(f) Quality assurance. (1) In the con-
struction of new plants and equipment,
the owner or operator shall assure that
equipment as it is fabricated is suit-
able for the process application for
which they will be used.

(2) Appropriate checks and inspec-
tions shall be performed to assure that
equipment is installed properly and
consistent with design specifications
and the manufacturer’s instructions.

(3) The owner or operator shall as-
sure that maintenance materials, spare
parts and equipment are suitable for
the process application for which they
will be used.
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§68.75 Management of change.

(a) The owner or operator shall estab-
lish and implement written procedures
to manage changes (except for ‘‘re-
placements in kind’’) to process chemi-
cals, technology, equipment, and proce-
dures; and, changes to stationary
sources that affect a covered process.

(b) The procedures shall assure that
the following considerations are ad-
dressed prior to any change:

(1) The technical basis for the pro-
posed change;

(2) Impact of change on safety and
health;

(3) Modifications to operating proce-
dures;

(4) Necessary time period for the
change; and,

(5) Authorization requirements for
the proposed change.

(c) Employees involved in operating a
process and maintenance and contract
employees whose job tasks will be af-
fected by a change in the process shall
be informed of, and trained in, the
change prior to start-up of the process
or affected part of the process.

(d) If a change covered by this para-
graph results in a change in the process
safety information required by §68.65 of
this part, such information shall be up-
dated accordingly.

(e) If a change covered by this para-
graph results in a change in the operat-
ing procedures or practices required by
§68.69, such procedures or practices
shall be updated accordingly.

§68.77 Pre-startup review.

(a) The owner or operator shall per-
form a pre-startup safety review for
new stationary sources and for modi-
fied stationary sources when the modi-
fication is significant enough to re-
quire a change in the process safety in-
formation.

(b) The pre-startup safety review
shall confirm that prior to the intro-
duction of regulated substances to a
process:

(1) Construction and equipment is in
accordance with design specifications;

(2) Ssafety, operating, maintenance,
and emergency procedures are in place
and are adequate;

(3) For new stationary sources, a
process hazard analysis has been per-
formed and recommendations have
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been resolved or implemented before
startup; and modified stationary
sources meet the requirements con-
tained in management of change,
§68.75.

(4) Training of each employee in-
volved in operating a process has been
completed.

§68.79 Compliance audits.

(a) The owner or operator shall cer-
tify that they have evaluated compli-
ance with the provisions of this section
at least every three years to verify
that the procedures and practices de-
veloped under the standard are ade-
quate and are being followed.

(b) The compliance audit shall be
conducted by at least one person
knowledgeable in the process.

(¢) A report of the findings of the
audit shall be developed.

(d) The owner or operator shall
promptly determine and document an
appropriate response to each of the
findings of the compliance audit, and
document that deficiencies have been
corrected.

(e) The owner or operator shall retain
the two (2) most recent compliance
audit reports.

§68.81 Incident investigation.

(a) The owner or operator shall inves-
tigate each incident which resulted in,
or could reasonably have resulted in a
catastrophic release of a regulated sub-
stance.

(b) An incident investigation shall be
initiated as promptly as possible, but
not later than 48 hours following the
incident.

() An incident investigation team
shall be established and consist of at
least one person knowledgeable in the
process involved, including a contract
employee if the incident involved work
of the contractor, and other persons
with appropriate knowledge and experi-
ence to thoroughly investigate and
analyze the incident.

(d) A report shall be prepared at the
conclusion of the investigation which
includes at a minimum:

(1) Date of incident;

(2) Date investigation began;

(3) A description of the incident;

(4) The factors that contributed to
the incident; and,
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(5) Any recommendations resulting
from the investigation.

(e) The owner or operator shall estab-
lish a system to promptly address and
resolve the incident report findings and
recommendations. Resolutions and cor-
rective actions shall be documented.

(f) The report shall be reviewed with
all affected personnel whose job tasks
are relevant to the incident findings in-
cluding contract employees where ap-
plicable.

(g) Incident investigation
shall be retained for five years.

reports

§68.83 Employee participation.

(a) The owner or operator shall de-
velop a written plan of action regard-
ing the implementation of the em-
ployee participation required by this
section.

(b) The owner or operator shall con-
sult with employees and their rep-
resentatives on the conduct and devel-
opment of process hazards analyses and
on the development of the other ele-
ments of process safety management in
this rule.

(c) The owner or operator shall pro-
vide to employees and their representa-
tives access to process hazard analyses
and to all other information required
to be developed under this rule.

§68.85 Hot work permit.

(a) The owner or operator shall issue
a hot work permit for hot work oper-
ations conducted on or near a covered
process.

(b) The permit shall document that
the fire prevention and protection re-
quirements in 29 CFR 1910.252(a) have
been implemented prior to beginning
the hot work operations; it shall indi-
cate the date(s) authorized for hot
work; and identify the object on which
hot work is to be performed. The per-
mit shall be kept on file until comple-
tion of the hot work operations.

§68.87 Contractors.

(a) Application. This section applies
to contractors performing maintenance
or repair, turnaround, major renova-
tion, or specialty work on or adjacent
to a covered process. It does not apply
to contractors providing incidental
services which do not influence process
safety, such as janitorial work, food
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and drink services, laundry, delivery or
other supply services.

(b) Owner or operator responsibilities.
(1) The owner or operator, when select-
ing a contractor, shall obtain and
evaluate information regarding the
contract owner or operator’s safety
performance and programs.

(2) The owner or operator shall in-
form contract owner or operator of the
known potential fire, explosion, or
toxic release hazards related to the
contractor’s work and the process.

(3) The owner or operator shall ex-
plain to the contract owner or operator
the applicable provisions of subpart E
of this part.

(4) The owner or operator shall de-
velop and implement safe work prac-
tices consistent with §68.69(d), to con-
trol the entrance, presence, and exit of
the contract owner or operator and
contract employees in covered process
areas.

(5) The owner or operator shall peri-
odically evaluate the performance of
the contract owner or operator in ful-
filling their obligations as specified in
paragraph (c) of this section.

(c) Contract owner or operator respon-
sibilities. (1) The contract owner or op-
erator shall assure that each contract
employee is trained in the work prac-
tices necessary to safely perform his/
her job.

(2) The contract owner or operator
shall assure that each contract em-
ployee is instructed in the known po-
tential fire, explosion, or toxic release
hazards related to his/her job and the
process, and the applicable provisions
of the emergency action plan.

(3) The contract owner or operator
shall document that each contract em-
ployee has received and understood the
training required by this section. The
contract owner or operator shall pre-
pare a record which contains the iden-
tity of the contract employee, the date
of training, and the means used to ver-
ify that the employee understood the
training.

(4) The contract owner or operator
shall assure that each contract em-
ployee follows the safety rules of the
stationary source including the safe
work practices required by §68.69(d).

(5) The contract owner or operator
shall advise the owner or operator of
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any unique hazards presented by the
contract owner or operator’s work, or
of any hazards found by the contract
owner or operator’s work.

Subpart E—Emergency Response

SOURCE: 61 FR 31725, June 20, 1996, unless
otherwise noted.

§68.90 Applicability.

(a) Except as provided in paragraph
(b) of this section, the owner or opera-
tor of a stationary source with Pro-
gram 2 and Program 3 processes shall
comply with the requirements of §68.95.

(b) The owner or operator of station-
ary source whose employees will not
respond to accidental releases of regu-
lated substances need not comply with
§68.95 of this part provided that they
meet the following:

(1) For stationary sources with any
regulated toxic substance held in a
process above the threshold quantity,
the stationary source is included in the
community emergency response plan
developed under 42 U.S.C. 11003;

(2) For stationary sources with only
regulated flammable substances held in
a process above the threshold quantity,
the owner or operator has coordinated
response actions with the local fire de-
partment; and

(3) Appropriate mechanisms are in
place to notify emergency responders
when there is a need for a response.

§68.95 Emergency response program.

(a) The owner or operator shall de-
velop and implement an emergency re-
sponse program for the purpose of pro-
tecting public health and the environ-
ment. Such program shall include the
following elements:

(1) An emergency response plan,
which shall be maintained at the sta-
tionary source and contain at least the
following elements:

(i) Procedures for informing the pub-
lic and local emergency response agen-
cies about accidental releases;

(ii) Documentation of proper first-aid
and emergency medical treatment nec-
essary to treat accidental human expo-
sures; and
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(iii) Procedures and measures for
emergency response after an accidental
release of a regulated substance;

(2) Procedures for the use of emer-
gency response equipment and for its
inspection, testing, and maintenance,;

(3) Training for all employees in rel-
evant procedures; and

(4) Procedures to review and update,
as appropriate, the emergency response
plan to reflect changes at the station-
ary source and ensure that employees
are informed of changes.

(b) A written plan that complies with
other Federal contingency plan regula-
tions or is consistent with the ap-
proach in the National Response
Team’s Integrated Contingency Plan
Guidance (““One Plan”) and that,
among other matters, includes the ele-
ments provided in paragraph (a) of this
section, shall satisfy the requirements
of this section if the owner or operator
also complies with paragraph (c) of this
section.

(c) The emergency response plan de-
veloped under paragraph (a)(1) of this
section shall be coordinated with the
community emergency response plan
developed under 42 U.S.C. 11003. Upon
request of the local emergency plan-
ning committee or emergency response
officials, the owner or operator shall
promptly provide to the local emer-
gency response officials information
necessary for developing and imple-
menting the community emergency re-
sponse plan.

Subpart F—Regulated Substances
for Accidental Release Prevention

SOURCE: 59 FR 4493, Jan. 31, 1994, unless
otherwise noted. Redesignated at 61 FR 31717,
June 20, 1996.

§68.100 Purpose.

This subpart designates substances
to be listed under section 112(r)(3), (4),
and (5) of the Clean Air Act, as amend-
ed, identifies their threshold quan-
tities, and establishes the requirements
for petitioning to add or delete sub-
stances from the list.

§68.115 Threshold determination.

(a) A threshold quantity of a regu-
lated substance listed in §68.130 is
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present at a stationary source if the
total quantity of the regulated sub-
stance contained in a process exceeds
the threshold.

(b) For the purposes of determining
whether more than a threshold quan-
tity of a regulated substance is present
at the stationary source, the following
exemptions apply:

(1) Concentrations of a regulated toxic
substance in a mixture. If a regulated
substance is present in a mixture and
the concentration of the substance is
below one percent by weight of the
mixture, the amount of the substance
in the mixture need not be considered
when determining whether more than a
threshold quantity is present at the
stationary source. Except for oleum,
toluene 2,4-diisocyanate, toluene 2,6-
diisocyanate, and toluene diisocyanate
(unspecified isomer), if the concentra-
tion of the regulated substance in the
mixture is one percent or greater by
weight, but the owner or operator can
demonstrate that the partial pressure
of the regulated substance in the mix-
ture (solution) under handling or stor-
age conditions in any portion of the
process is less than 10 millimeters of
mercury (mm Hg), the amount of the
substance in the mixture in that por-
tion of the process need not be consid-
ered when determining whether more
than a threshold quantity is present at
the stationary source. The owner or op-
erator shall document this partial pres-
sure measurement or estimate.

(2) Concentrations of a regulated flam-
mable substance in a mixture. (i) General
provision. If a regulated substance is
present in a mixture and the con-
centration of the substance is below
one percent by weight of the mixture,
the mixture need not be considered
when determining whether more than a
threshold quantity of the regulated
substance is present at the stationary
source. Except as provided in para-
graph (b)(2) (ii) and (iii) of this section,
if the concentration of the substance is
one percent or greater by weight of the
mixture, then, for purposes of deter-
mining whether a threshold quantity is
present at the stationary source, the
entire weight of the mixture shall be
treated as the regulated substance un-
less the owner or operator can dem-
onstrate that the mixture itself does
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not have a National Fire Protection
Association flammability hazard rat-
ing of 4. The demonstration shall be in
accordance with the definition of flam-
mability hazard rating 4 in the NFPA
704, Standard System for the Identi-
fication of the Hazards of Materials for
Emergency Response, National Fire
Protection Association, Quincy, MA,
1996. Available from the National Fire
Protection Association, 1
Batterymarch Park, Quincy, MA 02269-
9101. This incorporation by reference
was approved by the Director of the
Federal Register in accordance with 5
U.S.C. 552(a) and 1 CFR part 51. Copies
may be inspected at the Environmental
Protection Agency Air Docket (6102),
Attn: Docket No. A-96-08, Waterside
Mall, 401 M. St. SW., Washington DC;
or at the Office of Federal Register at
800 North Capitol St., NW, Suite 700,
Washington, DC. Boiling point and
flash point shall be defined and deter-
mined in accordance with NFPA 30,
Flammable and Combustible Liquids
Code, National Fire Protection Asso-
ciation, Quincy, MA, 1996. Available
from the National Fire Protection As-
sociation, 1 Batterymarch Park, Quin-
cy, MA 02269-9101. This incorporation
by reference was approved by the Di-
rector of the Federal Register in ac-
cordance with 5 U.S.C. 552(a) and 1 CFR
part 51. Copies may be inspected at the
Environmental Protection Agency Air
Docket (6102), Attn: Docket No. A-96-
08, Waterside Mall, 401 M. St. SW.,
Washington DC; or at the Office of Fed-
eral Register at 800 North Capitol St.,
NW., Suite 700, Washington, DC. The
owner or operator shall document the
National Fire Protection Association
flammability hazard rating.

(i) Gasoline. Regulated substances in
gasoline, when in distribution or relat-
ed storage for use as fuel for internal
combustion engines, need not be con-
sidered when determining whether
more than a threshold quantity is
present at a stationary source.

(iii) Naturally occurring hydrocarbon
mixtures. Prior to entry into a natural
gas processing plant or a petroleum re-
fining process unit, regulated sub-
stances in naturally occurring hydro-
carbon mixtures need not be considered
when determining whether more than a
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threshold quantity is present at a sta-
tionary source. Naturally occurring
hydrocarbon mixtures include any
combination of the following: conden-
sate, crude oil, field gas, and produced
water, each as defined in §68.3 of this
part.

(3) Articles. Regulated substances con-
tained in articles need not be consid-
ered when determining whether more
than a threshold quantity is present at
the stationary source.

(4) Uses. Regulated substances, when
in use for the following purposes, need
not be included in determining whether
more than a threshold quantity is
present at the stationary source:

(i) Use as a structural component of
the stationary source;

(ii) Use of products for routine jani-
torial maintenance;

(iii) Use by employees of foods, drugs,
cosmetics, or other personal items con-
taining the regulated substance; and

(iv) Use of regulated substances
present in process water or non-contact
cooling water as drawn from the envi-
ronment or municipal sources, or use
of regulated substances present in air
used either as compressed air or as part
of combustion.

(5) Activities in laboratories. If a regu-
lated substance is manufactured, proc-
essed, or used in a laboratory at a sta-
tionary source under the supervision of
a technically qualified individual as de-
fined in §720.3(ee) of this chapter, the
quantity of the substance need not be
considered in determining whether a
threshold quantity is present. This ex-
emption does not apply to:

(i) Specialty chemical production;

(ii) Manufacture, processing, or use
of substances in pilot plant scale oper-
ations; and

(iii) Activities conducted outside the
laboratory.

[59 FR 4493, Jan. 31, 1994. Redesignated at 61
FR 31717, June 20, 1996, as amended at 63 FR
645, Jan. 6, 1998]

§68.120 Petition process.

(a) Any person may petition the Ad-
ministrator to modify, by addition or
deletion, the list of regulated sub-
stances identified in §68.130. Based on
the information presented by the peti-
tioner, the Administrator may grant or
deny a petition.
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(b) A substance may be added to the
list if, in the case of an accidental re-
lease, it is known to cause or may be
reasonably anticipated to cause death,
injury, or serious adverse effects to
human health or the environment.

(c) A substance may be deleted from
the list if adequate data on the health
and environmental effects of the sub-
stance are available to determine that
the substance, in the case of an acci-
dental release, is not known to cause
and may not be reasonably anticipated
to cause death, injury, or serious ad-
verse effects to human health or the
environment.

(d) No substance for which a national
primary ambient air quality standard
has been established shall be added to
the list. No substance regulated under
title VI of the Clean Air Act, as amend-
ed, shall be added to the list.

(e) The burden of proof is on the peti-
tioner to demonstrate that the criteria
for addition and deletion are met. A pe-
tition will be denied if this demonstra-
tion is not made.

(f) The Administrator will not accept
additional petitions on the same sub-
stance following publication of a final
notice of the decision to grant or deny
a petition, unless new data becomes
available that could significantly af-
fect the basis for the decision.

(g) Petitions to modify the list of
regulated substances must contain the
following:

(1) Name and address of the peti-
tioner and a brief description of the or-
ganization(s) that the petitioner rep-
resents, if applicable;

(2) Name, address, and telephone
number of a contact person for the pe-
tition;

(3) Common chemical name(s), com-
mon synonym(s), Chemical Abstracts
Service number, and chemical formula
and structure;

(4) Action requested (add or delete a
substance);

(5) Rationale supporting the petition-
er’s position; that is, how the sub-
stance meets the criteria for addition
and deletion. A short summary of the
rationale must be submitted along
with a more detailed narrative; and
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(6) Supporting data; that is, the peti-
tion must include sufficient informa-
tion to scientifically support the re-
quest to modify the list. Such informa-
tion shall include:

(i) A list of all support documents;

(if) Documentation of literature
searches conducted, including, but not
limited to, identification of the data-
base(s) searched, the search strategy,
dates covered, and printed results;

(iii) Effects data (animal, human, and
environmental test data) indicating
the potential for death, injury, or seri-
ous adverse human and environmental
impacts from acute exposure following
an accidental release; printed copies of
the data sources, in English, should be
provided; and

(iv) Exposure data or previous acci-
dent history data, indicating the po-
tential for serious adverse human
health or environmental effects from
an accidental release. These data may
include, but are not limited to, phys-
ical and chemical properties of the sub-
stance, such as vapor pressure; model-
ing results, including data and assump-
tions used and model documentation;
and historical accident data, citing
data sources.

(h) Within 18 months of receipt of a
petition, the Administrator shall pub-
lish in the FEDERAL REGISTER a notice
either denying the petition or granting
the petition and proposing a listing.

§68.125 Exemptions.

Agricultural nutrients. Ammonia used
as an agricultural nutrient, when held
by farmers, is exempt from all provi-
sions of this part.

§68.130 List of substances.

(a) Regulated toxic and flammable
substances under section 112(r) of the
Clean Air Act are the substances listed
in Tables 1, 2, 3, and 4. Threshold quan-
tities for listed toxic and flammable
substances are specified in the tables.

(b) The basis for placing toxic and
flammable substances on the list of
regulated substances are explained in
the notes to the list.
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TABLE 1 TO 8§68.130.—LIST OF REGULATED
TOXIC SUBSTANCES AND THRESHOLD QUAN-
TITIES FOR ACCIDENTAL RELEASE PREVENTION

[Alphabetical Order—77 Substances]

Threshold .
Chemical name CAS No. quantity Blai;'ﬁ]for
(Ibs) 9
Acrolein [2- 107-02-8 5,000 | b
Propenal].
Acrylonitrile [2- 107-13-1 20,000 | b
Propenenitrile].
Acrylyl chloride [2- 814-68-6 5,000 | b
Propenoyl! chlo-
ride].
Allyl alcohol [2- 107-18-61 15,000 | b
Propen-I-ol].
Allylamine [2- 107-11-9 10,000 | b
Propen-l-amine].
Ammonia (anhy- 7664-41-7 10,000 | a, b
drous).
Ammonia (conc 7664-41-7 20,000 | a, b
20% or greater).
Arsenous tri- 7784-34-1 15,000 | b
chloride.
Arsine ..o 7784-42-1 1,000 | b
Boron trichloride 10294-34-5 5,000 | b
[Borane,
trichloro-].
Boron trifluoride 7637-07-2 5,000 | b
[Borane,
trifluoro-].
Boron trifluoride 353-42-4 15,000 | b
compound with
methyl ether
(1:1) [Boron,
trifluoro [oxybis
[metane]]-, T-4-.
Bromine ............... 7726-95-6 10,000 | a, b
Carbon disulfide .. 75-15-0 20,000 | b
Chlorine .....cccccoeeu. 7782-50-5 2,500 | a, b
Chlorine dioxide 10049-04-4 1,000 | ¢
[Chlorine oxide
(Clo2)].
Chloroform [Meth- 67-66-3 20,000 | b
ane, trichloro-].
Chloromethyl! 542-88-1 1,000 | b
ether [Methane,
oxybis[chloro-].
Chloromethyl! 107-30-2 5,000 | b
methyl ether
[Methane,
chloromethoxy-].
Crotonaldehyde 4170-30-3 20,000 | b
[2-Butenal].
Crotonaldehyde, 123-73-9 20,000 | b
(E)- [2-Butenal,
(E)].
Cyanogen chlo- 506-77-4 10,000 | ¢
ride.
Cyclohexylamine 108-91-8 15,000 | b
[Cyclohexanam-
ine].
Diborane .............. 19287-45-7 2,500 | b
Dimethyldichloros- 75-78-5 5,000 | b
ilane [Silane,
dichlorodimeth-
yl-].
1,1- 57-14-7 15,000 | b
Dimethylhydraz-
ine [Hydrazine,
1,1-dimethyl-].
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TABLE 1 TO 8§68.130.—LIST OF REGULATED
TOXIC SUBSTANCES AND THRESHOLD QUAN-
TITIES FOR ACCIDENTAL RELEASE PREVEN-
TION—Continued

[Alphabetical Order—77 Substances]
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TABLE 1 TO 8§68.130.—LIST OF REGULATED
TOXIC SUBSTANCES AND THRESHOLD QUAN-
TITIES FOR ACCIDENTAL RELEASE PREVEN-
TION—Continued

[Alphabetical Order—77 Substances]

Threshold . Threshold .
Chemical name CAS No. quantity Bl'“.‘st'.s for Chemical name CAS No. quantity Bﬁ:t'ﬁ]for
(ibs) isting (Ibs) 9
Epichlorohydrin 106-89-8 20,000 | b Methyl mercaptan 74-93-1 10,000 | b
[Oxirane, [Methanethiol].
(chloromethyl)-]. Methyl 556-64-9 | 20,000 | b
Ethylenediamine 107-15-3 20,000 | b thiocyanate
[1,2- [Thiocyanic
Ethanediamine]. acid, methyl
Ethyleneimine 151-56-4 10,000 | b ester].
[Aziridine]. Methyltrichlorosil- 75-79-6 5,000 | b
Ethylene oxide 75-21-8 10,000 | a, b ane [Silane,
[Oxirane]. _trichloromethyl-].
FIUOMNE vvvvrvereee 7782-41-4 1,000 | b Nickel carbonyl .... | 13463-39-3 1,000 | b
Formaldehyde 50-00-0 15,000 | b Nitric acid (conc 7697-37-2 15,000 | b
(solution). .8.0% or greqter).
Euran 110-00-9 5,000 | b N|t€;:ecno(>)<>|<?§e[l(\l,:‘tg)—] 10102-43-9 10,000 | b
Hydrazine 302-01-2 15,000 | b A '
Hydrochloric acid 7647-01-0 | 15,000 | d Oleum (Fuming 8014-95-7 | 10,000 | e
(conc 37% or uTiuric acl )
greaten). [S_ulfurlc ac;]d,
Hydrocyanic acid 74-90-8 25500 | a, b e del
Hydrogen chloride 7647-01-0 5,000 | a Peracetic acid 79-21-0 10,000 | b
(anhydrous)_ [Ethaneperoxoic
[Hydrochloric acid]
acid]. ) N _
Hydrogen fluoride/ | 7664-39-3 | 1,000 | a, b Perf:r'f:;gﬁthy' 594-42-3| 10,000 b
Hydrofluorlc [Methanesulfen-
acid (conc 50% yl chloride
or greater) - trichloro-]. '
[Hydrofluoric Phosgene [Car- 75-44-5 500 | a, b
acid]. bonic dichloride].
Hydrogen sele- 7783-07-5 500 | b Phosphine ........... 7803-51-2 5,000 | b
nide. ) Phosphorus 10025-87-3 5,000 | b
Hydrogen sulfide 7783-06-4 10,000 | a, b oxychloride
Iron, 13463-40-6 2,500 | b [Phosphoryl
pentacarbonyl- chloride].
[Iron carbonyl Phosphorus tri- 7719-12-2 15,000 | b
(Fe(CO)5), (TB- chloride [Phos-
5-11)-]. phorous tri-
Isobutyronitrile 78-82-0 20,000 | b chloride].
[Propanenitrile, Piperidine ............ 110-89-4 15,000 | b
2-methyl-]. Propionitrile 107-12-0 10,000 | b
Isopropyl! 108-23-6 15,000 | b [Propanenitrile].
chloroformate Propyl 109-61-5 15,000 | b
[Carbonochlori- chloroformate
dic acid, 1- [Carbonochlori-
methylethyl dic acid,
ester]. propylester].
Methacrylonitrile 126-98-7 10,000 | b Propyleneimine 75-55-8 10,000 | b
[2- [Aziridine, 2-
Propenenitrile, methyl-].
2-methyl-]. Propylene oxide 75-56-9 10,000 | b
Methyl chloride 74-87-3 10,000 | a [Oxirane, meth-
[Methane, yl-].
chloro-]. Sulfur dioxide (an- 7446-09-5 5,000 | a, b
Methyl 79-22-1 5,000 | b hydrous).
chloroformate Sulfur tetrafluoride 7783-60-0 2,500 | b
[Carbonochlori- [Sulfur fluoride
dic acid, (SF4), (T-4)-].
methylester]. Sulfur trioxide ...... 7446-11-9 10,000 | a, b
Methyl hydrazine 60-34-4 15,000 | b Tetramethyllead 75-74-1 10,000 | b
[Hydrazine, [Plumbane,
methyl-]. tetramethyl-].
Methyl isocyanate 624-83-9 10,000 | a, b Tetranitromethane 509-14-8 10,000 | b
[Methane, [Methane,
isocyanato-]. tetranitro-].
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TABLE 1 TO 8§68.130.—LIST OF REGULATED
TOXIC SUBSTANCES AND THRESHOLD QUAN-
TITIES FOR ACCIDENTAL RELEASE PREVEN-
TION—Continued

[Alphabetical Order—77 Substances]

Threshold

Chemical name CAS No. quantity Bﬁ;’ﬁlfor
(Ibs) 9
Titanium tetra- 7550-45-0 2,500 | b

chloride [Tita-
nium chloride
(TiCl4) (T-4)-].

Toluene 2,4- 584-84-9 10,000 | a
diisocyanate
[Benzene, 2,4-
diisocyanato-1-
methyl-] 1.

Toluene 2,6- 91-08-7 10,000 | a
diisocyanate
[Benzene, 1,3-
diisocyanato-2-
methyl-] 1.

Toluene 26471-62-5 10,000 | a
diisocyanate
(unspecified
isomer) [Ben-
zene, 1,3-
diisocyanatome-
thyl-] 2.

TABLE 2 TO §68.130.—LIST OF REGULATED TOXIC

§68.130

TABLE 1 TO 8§68.130.—LIST OF REGULATED
TOXIC SUBSTANCES AND THRESHOLD QUAN-
TITIES FOR ACCIDENTAL RELEASE PREVEN-
TION—Continued

[Alphabetical Order—77 Substances]

Threshold .
Chemical name CAS No. quantity Bﬁ;’;wr
(Ibs) 9

Trimethylchlorosil- 75-77-4 10,000 | b

ane [Silane,

chlorotrimethyl-].
Vinyl acetate 108-05-4 15,000 | b

monomer [Ace-

tic acid ethenyl

ester].

1The mixture exemption in §68.115(b)(1) does not apply to
the substance.

NoOTE: Basis for Listing:

a Mandated for listing by Congress.

b On EHS list, vapor pressure 10 mmHg or greater.

¢ Toxic gas.

d Toxicity of hydrogen chloride, potential to release hydro-
gen chloride, and history of accidents.

e Toxicity of sulfur trioxide and sulfuric acid, potential to
release sulfur trioxide, and history of accidents.

SUBSTANCES AND THRESHOLD QUANTITIES FOR

ACCIDENTAL RELEASE PREVENTION
[CAS Number Order—77 Substances]

Threshold .
CAS No. Chemical name quantity Bﬁ:t'ﬁ]for
(Ibs) 9
50-00-0 .... Formaldehyde (Solution) ..........ccccccoeiiiieicncninns 15,000 | b
57-14-7 . 1,1-Dimethylhydrazine [Hydrazine, 1,1-dimethyl-] 15,000 | b
60-34-4 . Methyl hydrazine [Hydrazine, methyl-] ......... 15,000 | b
67-66-3 . Chloroform [Methane, trichloro-] ...... 20,000 | b
74-87-3 . Methyl chloride [Methane, chloro-] . 10,000 | a
74-90-8 . Hydrocyanic acid .. 2,500 [ a, b
74-93-1 . Methyl mercaptan [Me anethlol] 10,000 | b
75-15-0 . Carbon disulfide ........... 20,000 | b
75-21-8 . Ethylene oxide [Oxirane] ....... 10,000 | a, b
75-44-5 . Phosgene [Carbonic dichloride] 500 | a, b
75-55-8 . Propyleneimine [Aziridine, 2-methyl-] 10,000 | b
75-56-9 . Propylene oxide [Oxirane, methyl-] ... 10,000 | b
75-74-1 . Tetramethyllead [Plumbane, tetramethyl-] .... 10,000 | b
75-77-4 . Trimethylchlorosilane [Silane, chlorotrimethyl-] 10,000 | b
75-78-5 . Dimethyldichlorosilane [Silane, dichlorodimethyl-] . 5,000 | b
75-79-6 . Methyltrichlorosilane [Silane, trichloromethyl-] 5,000 | b
78-82-0 . Isobutyronitrile [Propanenitrile, 2-methyl-] ... 20,000 | b
79-21-0 . Peracetic acid [Ethaneperoxoic acid] . 10,000 | b
79-22-1 . Methy! chloroformate [Carbonochloridic acid, methylester] 5,000 | b
91-08-7 . Toluene 2,6-diisocyanate [Benzene, 1,3-diisocyanato-2-methyl-]* 10,000 | a
106-89-8 Epichlorohydrin [Oxirane, (chloromethyl) ] 20,000 | b
107-02-8 Acrolein [2-Propenal] ...... 5,000 | b
107-11-9 Allylamine [2-Propen-1-amine] . 10,000 | b
107-12-0 Propionitrile [Propanenitrile] .. 10,000 | b
107-13-1 Acrylonitrile [2- Propenennnle] 20,000 | b
107-15-3 Ethylenediamine [1,2- Ethaned|am|ne] 20,000 | b
107-18-6 Allyl alcohol [2-Propen-1-0l] ............. 15,000 | b
107-30-2 Chloromethyl methyl ether [Methane, chloromethoxy-] . 5,000 | b
108-05-4 Vinyl acetate monomer [Acetic acid ethenyl ester] .. 15,000 | b
108-23-6 Isopropyl chloroformate [Carbonochloridic acid, 1- methylethyl ester] . 15,000 | b
108-91-8 Cyclohexylamine [Cyclohexanamine] .........c........... 15,000 | b
109-61-5 Propyl chloroformate [Carbonochloridic acid, propylester] 15,000 | b
110-00-9 .. Furan ..o . 5,000 | b
110-89-4 .. Piperiding ......cccoeiviiiiieieeeeee 15,000 | b
123-73-9 .. Crotonaldehyde, (E)- [2-Butenal, (E)-] 20,000 I b
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TABLE 2 TO §68.130.—LIST OF REGULATED TOXIC SUBSTANCES AND THRESHOLD QUANTITIES FOR
ACCIDENTAL RELEASE PREVENTION—Continued
[CAS Number Order—77 Substances]

Threshold .
CAS No. Chemical name quantity Bﬁ;’ﬁlfor
(Ibs) 9
126-98-7 .. Methacrylonitrile [2-] Propenennrlle 2-| methyl 1. 10,000 | b
151-56-4 Ethyleneimine [Aziridine] . 10,000 | b
302-01-2 .. Hydrazine ........cccceveenee. roeee T T . 15,000 | b
353-42-4 .. Boron trifluoride compound with  methyl ether (1:1) [Boron, 15,000 | b
trifluoro[oxybis[methane]]-, T-4-.
506-77—4 .. Cyanogen chloride .........ccccccveeirens . 10,000 | c
509-14-8 Tetranitromethane [Methane, tetranitro-] 10,000 | b
542-88-1 .. Chloromethyl ether [Methane, oxybis[chloro-] . 1,000 | b
556-64-9 .. Methyl thiocyanate [Thiocyanic acid, methyl ester] 20,000 | b
584-84-9 Toluene 2,4-diisocyanate [Benzene, 2,4-diisocyanato-1-methyl-]* 10,000 | a
594-42-3 Perchloromethylmercaptan [Methanesulfenyl chloride, trichloro-] . 10,000 | b
624-83-9 .. Methyl isocyanate [Methane, isocyanato-] 10,000 | a, b
814-68-6 Acrylyl chloride [2-Propenoyl chlorlde] 5,000 | b
4170-30-3 Crotonaldehyde [2-Butenal] .. 20,000 | b
7446-09-5 Sulfur dioxide (anhydrous) 5,000 | a, b
7446-11-9 ... Sulfur trioxide ................. 10,000 | a, b
7550-45-0 ... Titanium tetrachloride [Titanium chlorlde (T|CI4) (T- 4) ] 2,500 | b
7637-07-2 Boron trifluoride [Borane, trifluoro-] ..... 5,000 | b
7647-01-0 Hydrochloric acid (conc 37% or greater) 15,000 | d
7647-01-0 ... Hydrogen chloride (anhydrous) [Hydrochloric acid] 5,000 | a
7664-39-3 ... Hydrogen fluoride/Hydrofluoric acid (conc 50% or greater) [Hydrofluorlc a(:ld] 1,000 | a, b
7664-41-7 Ammonia (anhydrous) . . 10,000 | a, b
7664-41-7 Ammonia (conc 20% or greater) 20,000 | a, b
7697-37-2 ... Nitric acid (conc 80% or greater) . 15,000 | b
7719-12-2 ... Phosphorus trichloride [Phosphorous trlchlorlde] 15,000 | b
7726-95-6 Bromine ..... . 10,000 | a, b
7782-41-4 Fluorine ...... 1,000 | b
7782-50-5 ... ChIOMNE ... 2,500 | a, b
7783-06-4 ... Hydrogen sulfide . 10,000 | a, b
7783-07-5 Hydrogen Selenlde 500 | b
7783-60-0 Sulfur tetrafluoride [Sulfur fluonde (SF4) (T- 4)] 2,500 | b
7784-34-1 ... Arsenous trichloride ............ccccceviiiiiiiiiiiiie 15,000 | b
7784-42-1 ... Arsine ......... 1,000 | b
7803-51-2 Phosphine ... . 5,000 | b
8014-95-7 Oleum (Fuming Sulfunc acrd) [Sulfurlc acid, mlxture with sulfur tnoxrde]l 10,000 | e
10025-87-3 . Phosphorus oxychloride [Phosphoryl chloride] 5,000 | b
10049-04-4 . Chlorine dioxide [Chlorine oxide (ClO2)] 1,000 | c
10102-43-9 . Nitric oxide [Nitrogen oxide (NO)] ..... 10,000 | b
10294-34-5 . Boron trichloride [Borane, trichloro-] .... 5,000 | b
13463-39-3 . Nickel carbonyl ........cccccovevncnnicnene 1,000 | b
13463-40-6 . Iron, pentacarbonyl- [Iron carbonyl (Fe(CO)s), (TB -5- 11)] 2,500 | b
19287-45-7 . DIDOTANE ... 2,500 | b
26471-62-5 . Toluene diisocyanate (unspecified isomer) [Benzene, 1,3- dusocyanatomethyl- 10,000 | a
1]

1The mixture exemption in § 68.115(b)(1) does not apply to the substance.

NoTE: Basis for Listing:

Mandated for listing by Congress.

On EHS list, vapor pressure 10 mmHg or greater.

Toxic gas.

Toxicity of hydrogen chloride, potential to release hydrogen chloride, and history of accidents.
Toxicity of sulfur trioxide and sulfuric acid, potential to release sulfur trioxide, and history of accidents.

DQOOTL

TABLE 3 TO §68.130.—LIST OF REGULATED FLAMMABLE SUBSTANCES AND THRESHOLD QUANTITIES
FOR ACCIDENTAL RELEASE PREVENTION
[Alphabetical Order—63 Substances]

Threshold .
Chemical name CAS No. quantity Bﬁst';for
(Ibs) 9
Acetaldehyde .........cccooiiiiiiiiiii s 75-07-0 10,000 | g
Acetylene [Ethyne] 74-86-2 10,000 | f
Bromotnfluorethylene [Ethene bromotrlfluoro] 598-73-2 10,000 | f
1,3-BUtadiene ......cccceeeeiiiiiiiieiiiieeeeeeees 106-99-0 10,000 | f
Butane .... 106-97-8 10,000 | f
1-Butene 106-98-9 10,000 | f
2-Butene 107-01-7 10,000 | f
BULBNE ...t 25167-67-3 10,000 | f
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TABLE 3 TO §68.130.—LIST OF REGULATED FLAMMABLE SUBSTANCES AND THRESHOLD QUANTITIES
FOR ACCIDENTAL RELEASE PREVENTION—Continued
[Alphabetical Order—63 Substances]

Threshold

Chemical name CAS No. quantity Bﬁ;’; for
(Ibs) g

2-Butene-Cis .........cccceeaee

2-Butene-trans [2-Butene, (E)]
Carbon oxysulfide [Carbon oxide sulfide (COS)]
Chlorine monoxide [Chlorine oxide] ........
2-Chloropropylene [1-Propene, 2-chloro-] 557-98-2 10,000
1-Chloropropylene [1-Propene, 1-chloro-] . . . 590-21-6 10,000
Cyanogen [Ethanedinitrile] ...........ccooiiiiiiiiiceeee e 460-19-5 10,000
Cyclopropane ........c.ccccoceevee 75-19-4 10,000
Dichlorosilane [Silane, dichloro-] 4109-96-0 10,000
Difluoroethane [Ethane, 1,1-difluoro-] .... 75-37-6 10,000
Dimethylamine [Methanamine, N-methyl-] .... 124-40-3 10,000
2,2-Dimethylpropane [Propane, 2,2-dimethyl-] . . 463-82-1 10,000
EtNANE .ot 74-84-0 10,000
Ethyl acetylene [1-BUtyne] ........cccoccovveircvencnncnienens 107-00-6 10,000
Ethylamine [Ethanamine] ..... 75-04-7 10,000
Ethyl chloride [Ethane, chloro-] 75-00-3 10,000
Ethylene [Ethene] .. 74-85-1 10,000
Ethyl ether [Ethane, 1,1'-oxybis-] 60—-29-7 10,000
Ethyl mercaptan [Ethanethiol] ... . e e 75-08-1 10,000
Ethyl nitrite [Nitrous acid, ethyl Ster] .........cccoeoriiiiiniiie e 109-95-5 10,000
Hydrogen .......cccceevenennnns 1333-74-0 10,000
Isobutane [Propane, 2-methyl] 75-28-5 10,000
Isopentane [Butane, 2-methyl-] . . . . 78-78-4 10,000
Isoprene [1,3-Butadinene, 2-methyl-] ..o 78-79-5 10,000

590-18-1 10,000
624-64-6 10,000
463-58-1 10,000
7791-21-1 10,000

Isopropylamine [2-Propanamine] ...........cccccoeririeienienenieeeesie e . 75-31-0 10,000
Isopropy! chloride [Propane, 2-Chloro-] .........cccoiiiiiriiiniineeeeeee e 75-29-6 10,000
MENANE ... 74-82-8 10,000

Methylamine [Methanamine]
3-Methyl-1-butene ..............
2-Methyl-1-butene ..............
Methyl ether [Methane, oxybis-]
Methyl formate [Formic acid, methyl ester]
2-Methylpropene [1-Propene, 2-methyl-]
1,3-Pentadinene ..
Pentane
1-Pentene .......
2-Pentene, (E)-
2-Pentene, (2)-

Propadiene [1,2- Propadlene]
Propane .......cccoceeeiiiienns .
Propylene [1-Propene] ........ccccceeverennns
Propyne [1-Propyne]
Silane ...............
Tetrafluoroethylene [Ethene tetrafluoro]
Tetramethylsilane [Silane, tetramethyl-] ..
Trichlorosilane [Silane, trichloro-] .
Trifluorochloroethylene [Ethene, chlorotnfluoro]
Trimethylamine [Methanamine, N,N-dimethyl-] ....
Vinyl acetylene [1-Buten-3-yne] .
Vinyl chloride [Ethene, chloro-] ..
Vinyl ethyl ether [Ethene, ethoxy-]
Vinyl fluoride [Ethene, fluoro-]
Vinylidene chloride [Ethene, 1,1- dlchloro] . e
Vinylidene fluoride [Ethene, 1,1-diflUOrO-] .....ccccovvveiriiiiniiiiiciis
Vinyl methyl ether [Ethene, methoxXy-] .......ccccooeriiiiiiiiiiincns

74-89-5 10,000
563-45-1 10,000
563-46-2 10,000
115-10-6 10,000
107-31-3 10,000
115-11-7 10,000
504-60-9 10,000
109-66-0 10,000
109-67-1 10,000
646-04-8 10,000
627-20-3 10,000
463-49-0 10,000

74-98-6 10,000
115-07-1 10,000

74-99-7 10,000

7803-62-5 10,000
116-14-3 10,000
75-76-3 10,000
10025-78-2 10,000

79-38-9 10,000

75-50-3 10,000
689-97-4 10,000

75-01-4 10,000
109-92-2 10,000

75-02-5 10,000

75-35-4 10,000

75-38-7 10,000
107-25-5 10,000

—
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NoTE: Basis for Listing:

a Mandated for listing by Congress.
f Flammable gas.

g Volatile flammable liquid.
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TABLE 4 TO §68.130.—LIST OF REGULATED FLAMMABLE SUBSTANCES AND THRESHOLD QUANTITIES
FOR ACCIDENTAL RELEASE PREVENTION
[CAS Number Order—63 Substances]

Threshold .
CAS No. Chemical name CAS No. quantity Bﬁ;’ﬁ]mr
(Ibs) 9

Ethyl ether [Ethane 1,1'-oxybis-] 60-29-7 10,000 | g
Methane ........ 74-82-8 10,000 | f
Ethane 74-84-0 10,000 | f
Ethylene [Ethene] 74-85-1 10,000 | f
Acetylene [Ethyne] 74-86-2 10,000 | f
Methylamine [Methanamine] .............................. 74-89-5 10,000 | f
Propane ......... . 74-98-6 10,000 | f
Propyne [1-Propyne] . 74-99-7 10,000 | f
Ethyl chloride [Ethane, chloro-] . 75-00-3 10,000 | f

Vinyl chloride [Ethene, chloro-] . 75-01-4 10,000 | a, f
Vinyl fluoride [Ethene, fluoro-] ... 75-02-5 10,000 | f
Ethylamine [Ethanamine] ... 75-04-7 10,000 | f
Acetaldehyde ................... 75-07-0 10,000 | g
Ethyl mercaptan [Ethanethiol] ... 75-08-1 10,000 | g
Cyclopropane ..........c.cc.c.... 75-19-4 10,000 | f
. Isobutane [Propane, 2-methyl] 75-28-5 10,000 | f
75-29-6 . Isopropy! chloride [Propane, 2-chloro-] 75-29-6 10,000 | g
75-31-0 . Isopropylamine [2-Propanamine] ........ 75-31-0 10,000 | g
75-35-4 ... Vinylidene chloride [Ethene, 1,1-dichloro-] 75-35-4 10,000 | g
75-37-6 ... Difluoroethane [Ethane, 1,1-difluoro-] .... 75-37-6 10,000 | f
75-38-7 . Vinylidene fluoride [Ethene, 1,1-difluoro-] .. 75-38-7 10,000 | f
75-50-3 . Trimethylamine [Methanamine, N, N-dimethyl-] 75-50-3 10,000 | f
75-76-3 . Tetramethylsilane [Silane, tetramethyl-] . 75-76-3 10,000 | g
78-78-4 . Isopentane [Butane, 2-methyl-] ........ 78-78-4 10,000 | g
78-79-5 . Isoprene [1,3,-Butadiene, 2-methyl-] 78-79-5 10,000 | g
79-38-9 . Trifluorochloroethylene [Ethene, chlorotrifluoro-] . 79-38-9 10,000 | f
106-97— Butane . R . 106-97-8 10,000 | f
106-98— 1-Butene e 106-98-9 10,000 | f
196—-99— 1,3-Butadiene ..........c..c...... 106-99-0 10,000 | f
107-00— Ethyl acetylene [1-Butyne] . 107-00-6 10,000 | f
107-01- 2-BULENE ..o . 107-01-7 10,000 | f
107-25- Vinyl methyl ether [Ethene, methoxy-] .......... . 107-25-5 10,000 | f
107-31- Methyl formate [Formic acid, methyl ester] 107-31-3 10,000 | g
109-66— Pentane ... 109-66-0 10,000 | g
109-67— 1-Pentene ........cccceceeiienns 109-67-1 10,000 | g
109-92— Vinyl ethyl ether [Ethene, ethoxy] 109-92-2 10,000 | g
109-95- Ethyl nitrite [Nitrous acid, ethyl ester] 109-95-5 10,000 | f
115-07- Propylene [1-Propene] .... 115-07-1 10,000 | f
115-10— Methyl ether [Methane, oxybis-] 115-10-6 10,000 | f
115-11- 2-Methylpropene [1-Propene, 2-methyl-] 115-11-7 10,000 | f
116-14- Tetrafluoroethylene [Ethene, tetrafluoro-] 116-14-3 10,000 | f
124-40- Dimethylamine [Methanamine, N-methyl-] 124-40-3 10,000 | f
460-19-! Cyanogen [Ethanedinitrile] . 460-19-5 10,000 | f
463-49— Propadiene [1,2-Propadiene] 463-49-0 10,000 | f
463-58— Carbon oxysulfide [Carbon oxide sulfide (COS)] . 463-58-1 10,000 | f
463-82— 2,2-Dimethylpropane [Propane, 2,2-dimethyl-] .... 463-82-1 10,000 | f
504—-60- 1,3-Pentadi€ne ........ccceoveviiiiiiiiiicnienns 504-60-9 10,000 | f
557-98- 2-Chloropropylene [1- Propene 2- chloro] ....... 557-98-2 10,000 | g
563-45- 3-Methyl-1-butene . 563-45-1 10,000 | f
563-46— 2-Methyl-1-butene . 563-46-2 10,000 | g
590-18- 2-Butene-cis ... 590-18-1 10,000 | f
590-21— 1-Chloropropylene [1- Propene 1- chloro] ....... 590-21-6 10,000 | g
598-73- Bromotrifluorethylene [Ethene, bromotrifluoro-] 598-73-2 10,000 | f
624-64-6 2-Butene-trans [2 Butene, (E)] 624-64-6 10,000 | f
627-20-3 2-Pentene, (2)- . 627-20-3 10,000 | g
646-04-8 .. 2-Pentene, (E)- . 646-04-8 10,000 | g
689-97-4 .. Vinyl acetylene [1 Buten- 3 yne] 689-97-4 10,000 | f
1333-74-0 Hydrogen ........cccoeeeniennnns 1333-74-0 10,000 | f
4109-96-0 Dichlorosilane [Silane, dichloro-] .. 4109-96-0 10,000 | f
7791-21-1 ... Chlorine monoxide [Chlorine oxide] . 7791-21-1 10,000 | f
7803-62-5 . Silane ... 7803-62-5 10,000 | f
10025-78- 2 Trichlorosilane [Silane,trichloro-] 10025-78-2 10,000 | g
25167-67-3 . Butene ........cccoiieiene. 25167-67-3 10,000 | f

Note: Basis for Listing: a Mandated for listing by Congress. f Flammable gas. g Volatile flammable liquid.

[59 FR 4493, Jan. 31, 1994. Redesignated at 61 FR 31717, June 20, 1996, as amended at 62 FR 45132,
Aug. 25, 1997; 63 FR 645, Jan. 6, 1998]
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Subpart G—Risk Management
Plan

SOURCE: 61 FR 31726, June 20, 1996, unless
otherwise noted.

§68.150 Submission.

(a) The owner or operator shall sub-
mit a single RMP that includes the in-
formation required by §§68.155 through
68.185 for all covered processes. The
RMP shall be submitted in a method
and format to a central point as speci-
fied by EPA prior to June 21, 1999.

(b) The owner or operator shall sub-
mit the first RMP no later than the
latest of the following dates:

(1) June 21, 1999;

(2) Three years after the date on
which a regulated substance is first
listed under §68.130; or

(3) The date on which a regulated
substance is first present above a
threshold quantity in a process.

(c) Subsequent submissions of RMPs
shall be in accordance with §68.190.

(d) Notwithstanding the provisions of
§§68.155 to 68.190, the RMP shall ex-
clude classified information. Subject to
appropriate procedures to protect such
information from public disclosure,
classified data or information excluded
from the RMP may be made available
in a classified annex to the RMP for re-
view by Federal and state representa-
tives who have received the appro-
priate security clearances.

§68.155 Executive summary.

The owner or operator shall provide
in the RMP an executive summary that
includes a brief description of the fol-
lowing elements:

(a) The accidental release prevention
and emergency response policies at the
stationary source;

(b) The stationary source and regu-
lated substances handled;

(c) The worst-case release scenario(s)
and the alternative release scenario(s),
including administrative controls and
mitigation measures to limit the dis-
tances for each reported scenario;

(d) The general accidental release
prevention program and chemical-spe-
cific prevention steps;

(e) The five-year accident history;
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(f) The emergency response program;
and

(9) Planned changes to improve safe-
ty.

§68.160 Registration.

(a) The owner or operator shall com-
plete a single registration form and in-
clude it in the RMP. The form shall
cover all regulated substances handled
in covered processes.

(b) The registration shall include the
following data:

(1) Stationary source name, street,
city, county, state, zip code, latitude,
and longitude;

(2) The stationary source Dun and
Bradstreet number;

(3) Name and Dun and Bradstreet
number of the corporate parent com-
pany;

(4) The name, telephone number, and
mailing address of the owner or opera-
tor;

(5) The name and title of the person
or position with overall responsibility
for RMP elements and implementation;

(6) The name, title, telephone num-
ber, and 24-hour telephone number of
the emergency contact;

(7) For each covered process, the
name and CAS number of each regu-
lated substance held above the thresh-
old quantity in the process, the maxi-
mum quantity of each regulated sub-
stance or mixture in the process (in
pounds) to two significant digits, the
SIC code, and the Program level of the
process;

(8) The stationary source EPA identi-
fier;

(9) The number of full-time employ-
ees at the stationary source;

(10) Whether the stationary source is
subject to 29 CFR 1910.119;

(11) Whether the stationary source is
subject to 40 CFR part 355;

(12) Whether the stationary source
has a CAA Title V operating permit;
and

(13) The date of the last safety in-
spection of the stationary source by a
Federal, state, or local government
agency and the identity of the inspect-
ing entity.

§68.165 Offsite consequence analysis.

(a) The owner or operator shall sub-
mit in the RMP information:
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(1) One worst-case release scenario
for each Program 1 process; and

(2) For Program 2 and 3 processes,
one worst-case release scenario to rep-
resent all regulated toxic substances
held above the threshold quantity and
one worst-case release scenario to rep-
resent all regulated flammable sub-
stances held above the threshold quan-
tity. If additional worst-case scenarios
for toxics or flammables are required
by §68.25(a)(2)(iii), the owner or opera-
tor shall submit the same information
on the additional scenario(s). The
owner or operator of Program 2 and 3
processes shall also submit information
on one alternative release scenario for
each regulated toxic substance held
above the threshold quantity and one
alternative release scenario to rep-
resent all regulated flammable sub-
stances held above the threshold quan-
tity.

(b) The owner or operator shall sub-
mit the following data:

(1) Chemical name;

(2) Physical state (toxics only);

(3) Basis of results (give model name
if used);

(4) Scenario (explosion, fire, toxic gas
release, or liquid spill and vaporiza-
tion);

(5) Quantity released in pounds;

(6) Release rate;

(7) Release duration;

(8) Wind speed and atmospheric sta-
bility class (toxics only);

(9) Topography (toxics only);

(10) Distance to endpoint;

(11) Public and environmental recep-
tors within the distance;

(12) Passive mitigation considered;
and

(13) Active mitigation considered (al-
ternative releases only);

§68.168 Five-year accident history.

The owner or operator shall submit
in the RMP the information provided
in §68.42(b) on each accident covered by
§68.42(a).

§68.170 Prevention program/Program
2.

(a) For each Program 2 process, the
owner or operator shall provide in the
RMP the information indicated in
paragraphs (b) through (k) of this sec-
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tion. If the same information applies to
more than one covered process, the
owner or operator may provide the in-
formation only once, but shall indicate
to which processes the information ap-
plies.

(b) The SIC code for the process.

(c) The name(s) of the chemical(s)
covered.

(d) The date of the most recent re-
view or revision of the safety informa-
tion and a list of Federal or state regu-
lations or industry-specific design
codes and standards used to dem-
onstrate compliance with the safety in-
formation requirement.

(e) The date of completion of the
most recent hazard review or update.

(1) The expected date of completion
of any changes resulting from the haz-
ard review;

(2) Major hazards identified;

(3) Process controls in use;

(4) Mitigation systems in use;

(5) Monitoring and detection systems
in use; and

(6) Changes since the last hazard re-
view.

(f) The date of the most recent review
or revision of operating procedures.

(g) The date of the most recent re-
view or revision of training programs;

(1) The type of training provided—
classroom, classroom plus on the job,
on the job; and

(2) The type of competency testing
used.

(h) The date of the most recent re-
view or revision of maintenance proce-
dures and the date of the most recent
equipment inspection or test and the
equipment inspected or tested.

(i) The date of the most recent com-
pliance audit and the expected date of
completion of any changes resulting
from the compliance audit.

(J) The date of the most recent inci-
dent investigation and the expected
date of completion of any changes re-
sulting from the investigation.

(k) The date of the most recent
change that triggered a review or revi-
sion of safety information, the hazard
review, operating or maintenance pro-
cedures, or training.
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§68.175 Prevention program/Program
3.

(a) For each Program 3 process, the
owner or operator shall provide the in-
formation indicated in paragraphs (b)
through (p) of this section. If the same
information applies to more than one
covered process, the owner or operator
may provide the information only
once, but shall indicate to which proc-
esses the information applies.

(b) The SIC code for the process.

(c) The name(s) of the substance(s)
covered.

(d) The date on which the safety in-
formation was last reviewed or revised.

(e) The date of completion of the
most recent PHA or update and the
technique used.

(1) The expected date of completion
of any changes resulting from the PHA;

(2) Major hazards identified;

(3) Process controls in use;

(4) Mitigation systems in use;

(5) Monitoring and detection systems
in use; and

(6) Changes since the last PHA.

(f) The date of the most recent review
or revision of operating procedures.

(g) The date of the most recent re-
view or revision of training programs;

(1) The type of training provided—
classroom, classroom plus on the job,
on the job; and

(2) The type of competency testing
used.

(h) The date of the most recent re-
view or revision of maintenance proce-
dures and the date of the most recent
equipment inspection or test and the
equipment inspected or tested.

(i) The date of the most recent
change that triggered management of
change procedures and the date of the
most recent review or revision of man-
agement of change procedures.

(J) The date of the most recent pre-
startup review.

(k) The date of the most recent com-
pliance audit and the expected date of
completion of any changes resulting
from the compliance audit;

(I) The date of the most recent inci-
dent investigation and the expected
date of completion of any changes re-
sulting from the investigation;

(m) The date of the most recent re-
view or revision of employee participa-
tion plans;
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(n) The date of the most recent re-
view or revision of hot work permit
procedures;

(o) The date of the most recent re-
view or revision of contractor safety
procedures; and

(p) The date of the most recent eval-
uation of contractor safety perform-
ance.

§68.180 Emergency response program.

(a) The owner or operator shall pro-
vide in the RMP the following informa-
tion:

(1) Do you have a written emergency
response plan?

(2) Does the plan include specific ac-
tions to be taken in response to an ac-
cidental releases of a regulated sub-
stance?

(3) Does the plan include procedures
for informing the public and local
agencies responsible for responding to
accidental releases?

(4) Does the plan include information
on emergency health care?

(5) The date of the most recent re-
view or update of the emergency re-
sponse plan;

(6) The date of the most recent emer-
gency response training for employees.

(b) The owner or operator shall pro-
vide the name and telephone number of
the local agency with which the plan is
coordinated.

(c) The owner or operator shall list
other Federal or state emergency plan
requirements to which the stationary
source is subject.

§68.185 Certification.

(a) For Program 1 processes, the
owner or operator shall submit in the
RMP the certification statement pro-
vided in §68.12(b)(4).

(b) For all other covered processes,
the owner or operator shall submit in
the RMP a single certification that, to
the best of the signer’s knowledge, in-
formation, and belief formed after rea-
sonable inquiry, the information sub-
mitted is true, accurate, and complete.

§68.190 Updates.

(a) The owner or operator shall re-
view and update the RMP as specified
in paragraph (b) of this section and
submit it in a method and format to a
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central point specified by EPA prior to
June 21, 1999.

(b) The owner or operator of a sta-
tionary source shall revise and update
the RMP submitted under §68.150 as
follows:

(1) Within five years of its initial sub-
mission or most recent update required
by paragraphs (b)(2) through (b)(7) of
this section, whichever is later.

(2) No later than three years after a
newly regulated substance is first list-

ed by EPA;
(3) No later than the date on which a
new regulated substance is first

present in an already covered process
above a threshold quantity;

(4) No later than the date on which a
regulated substance is first present
above a threshold quantity in a new
process;

(5) Within six months of a change
that requires a revised PHA or hazard
review;

(6) Within six months of a change
that requires a revised offsite con-
sequence analysis as provided in §68.36;
and

(7) Within six months of a change
that alters the Program level that ap-
plied to any covered process.

(c) If a stationary source is no longer
subject to this part, the owner or oper-
ator shall submit a revised registration
to EPA within six months indicating
that the stationary source is no longer
covered.

Subpart H—Other Requirements

SOURCE: 61 FR 31728, June 20, 1996, unless
otherwise noted.

§68.200 Recordkeeping.

The owner or operator shall maintain
records supporting the implementation
of this part for five years unless other-
wise provided in subpart D of this part.

§68.210 Availability of information to
the public.

(a) The RMP required under subpart
G of this part shall be available to the
public under 42 U.S.C. 7414(c).

(b) The disclosure of classified infor-
mation by the Department of Defense
or other Federal agencies or contrac-
tors of such agencies shall be con-

66

40 CFR Ch. | (7-1-98 Edition)

trolled by applicable laws, regulations,
or executive orders concerning the re-
lease of classified information.

§68.215 Permit content and air per-
mitting authority or designated
agency requirements.

(a) These requirements apply to any
stationary source subject to this part
68 and parts 70 or 71 of this chapter.
The 40 CFR part 70 or part 71 permit for
the stationary source shall contain:

(1) A statement listing this part as
an applicable requirement;

(2) Conditions that require the source
owner or operator to submit:

(i) A compliance schedule for meet-
ing the requirements of this part by
the date provided in §68.10(a) or;

(ii) 